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II. 


Havine thus briefly reviewed some|Coulomb’s line of least resistance, then 
direct experiments on the actual lateral | the corresponding natural slope of repose 
thrust of earthwork, the author proposes | of the material would appear to be 14 to 
to revert to the consideration of indirect |1, which is considerably steeper t. 
experiments, dealing first with a few of | what it was in fact. 
those arising on the 34 miles of deep-| 
timbered trenches and other works of | 
the “underground” railway. | 

In tunneling very valuable evidence | 
was afforded of the direction of the line 
of least resistance in a mass of earth- 
work. From the coming down of the 
crown bars, the changing of props, the | 
crushing of timber, the compression cf | 


Fig.5 














green brickwork and other causes, a) 





settlement of from 6 to 8 inches usually | 
occurred overhead, with a general draw | 
of the ground towards the working end | 
of the tunnel and the formation of fis-| 
sures, attaining a maximum size where the | 
line of least resistance cut the surface. | 
Even when the settlement was slight, 
fissures were invariably observed in ad- 
vance of the working end, and in con- | 
tinuous lines running parallel with the | 
tunnel. The slope of these fissures was | 
so uniformly at the angle of 4 to 1, meas- | 
uring from the bottom of the excavation| There is nevertheless a closer accord 
(Ex. 24, Fig. 5), that the resident engi-| than usual between theory and fact in 
neer professed to be able to foretell with | the instance of the several miles of 
certainty where a building or fence wall, | fissures, which occurred during the con- 
standing over the tunnel, would crack | struction of the tunnels of the Metro- 
most. Assuming this $ to 1 to represent politan railway. In other instances, such 
Vou. XXV.—No. 5—25. 
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as the failure of ill-devised timbering, or | cubic foot, the theoretical lateral press- 
the pushing forward of a retaining wall, | ure on the side trees, at a mean depth of 
by heavy clay pressing against its lower | 48 feet from the surface, would be (see 
half, this accord was not always exhib-| table) = 48 x 0.52 x1 ewt. = 25 ewt. per 
ited. In some cases no previous fissures | square foot, and upon the caps=44x1 
have occurred, but a wedge of 1 to 1 has ‘ewt.=44 ewt. per square foot, or 1.76 
at once broken off and gone down with ‘time greater. But the side trees, as has 
the timbering, whilst in others the! b ras Sere omet 
fissure has appeared immediately at Sor, To oe 
back of the wall; indeed in one instance, | of the caps, so the irresistible conclusion 
for several consecutive weeks, the author | is that the actual lateral pressure of the 
was able to pass a rod, 15 feet long, be- | earthwork in this instance did not exceed 
tween the wall and the apparently unsup- | one-half of that indicated by theory.* 
ported vertical face of the ground behind | [It is readily shown that the full weight 
it. The corresponding theoretical slope of the ground came upon the settings. 
of repose would thus appear to be hori-| Thus, assuming it to do so, the weight 
zontal in one case and vertical in the | ypon the caps would be=-44 ewt. x8 feet 
other, which is sufficient evidence of the | clear span x 3.5 feet distance apart of the 
necessity of giving but a qualified assent | settings = 1,232 ewt., and taking the 
to any theoretical deduction affecting the | effective span at 9 feet, the breaking 
line of least resistance in earthwork. __| weight, upon the basis of Mr. Lyster’s 

A very fair notion of the relative in-| experiments on balks of similar size and 
tensity of lateral and vertical pressure in ; 2x 14" 2.03 ewt. 
earthwork is often obtained in carrying | quality, would be 9 = 
out headings. The heading for the Camp-| 1 949 ewt.- hence the . 

- : ‘| 1, 5 occasional fractures 
den Hill tunnel of the ey = of the balks are fully accounted for. In- 
— ‘d . one d 7. G as d ) all . deed, the heading would have entirely 
Peavil prone ‘th ane t = " 48%; | collapsed, in the course of time, had not 
few, charged with rater reg the root been supported by interned 
driven, at a depth of 44 feet from the lg practically quadrupling its 
surface. After the ee 1 had been | ‘th ‘the early days of the construction 
completed some months, the clay became | o¢’ the Metropolitan railway, a definite 
softened to the consistency of putty by | type of timbering had not been arrived 
the water which filtered through the at, and some remarkably light systems 
numerous fissures, and the full weight | wore tried at times. The lightest the 
of the ground took er upon the set-| author remembers was the timbering of 
tings. Both caps an side trees showed | the 14-feet. wide gullet at Baker Street 
signs of severe stress throughout the en-| station (Ex. 26). Here the soil cut 
tire length of the heading, and the occa-| through was made up.of about 8 feet of 
sional fractures in the roof and sides | yellow clay and gravel, 7 feet of loamy 
indicated that the timbers were Propor- | sand, 7 feet of sharp oon d and gravel, 
tionately of about —— strength, or | full of water, and 4 feet of London clay 
rather pees a The -. S_ were Of 5+ the bottom of the gullet. The timber 
14-inch square balks, with a clear span ing of the lower half consisted of 9-inch 
of 8 feet, and the sides of 10-inch square| by 3inch walings, 3 feet apart from 
timber, with a clear span of 9 feet. Their center to center, in 12-feet lengths, with 
respective powers of resistance per square 8 inch poling boards at the back. With 
foot of poling oe cea would | one-half the distributed breaking load, 
therefore be as = : = =34:1. the deflection of this 3-inch deep beam 

P s 9 _ | at the span of 12 feet would be at least 
Now if one thing is settled by experi-| 4 inches, whilst the ultimate deflection 
ence beyond all question, it is that the| would be measured by feet. As the 
superficial beds of London Clay, sodden, | walings did not bend nearly as much as 
as in the present case, with water, will) 4 inches, it will be a liberal estimate to 
not take a less slope of repose than 3 to| assume that the actual lateral pressure of 
1. The average weight of the wet ground SR NE 4 
over the heading being about 1 cwt. per' zeitschrift fir Baukunde, vol.i, p. 1, 












































ae wem *s ww me s 


—_ 


~ 


ae 


aww we eS eee GF 


i Se 


eS Sa 


~ ape wo ew 


a i ee, i ee, de dl 


ball 








THE ACTUAL LATERAL PRESSURE OF EARTHWORK. 355 





the earthwork was equal to half the dis-| hesion and tenacity of the adjoining 
tributed breaking weight of the wal-|earth. Thus (Ex. 28) at a depth of be- 
ing. Having reference to the quality of| tween 40 and 50 feet, 10-inch square 
the timber, this may be estimated at | timbers, 4 feet 6 inches apart, proved of 
3°’ x9" x 2.6 ewt. . _|ample strength to support the sides of a 

12’ 0” =17.6 ewt.; and since | 19 feet square shaft, though the same 
the area of the poling boards supported sized timbers at the reduced distance of 
by each waling was 36 square feet, it | 3 feet 6 inches apart, failed, as has been 





follows that the lateral pressure of the 
earthwork could not have exceeded 55! 
Ibs. per square foot. But the depth of | 
the bottom waling below the surface 
was 23 feet, or, neglecting the clay, and 
taking only the sharp sand and ballast 
charged with water, the depth would 
still be 20 feet, and the weight of fluid 
corresponding to the 55 lbs. per square 
foot pressure no more than 2.75 Ibs. per 
cubic foot. 

It will be remembered that the natural | 
slope of the sand and ballast in Lieuten- 
ant Hope's retaining-wall experiments 
was about 14 to 1, and that the actual 
and theoretical corresponding fluid | 
pressures were respectively 10.3 lbs. and | 
23.6 lbs. per cubic foot. In the case of | 
the gullet, the natural slope of the ballast 
and sand would similarly be not less than | 
14 to 1, and yet the fluid pressure could | 
not have exceeded 2.75 lbs. This one. 
fact, therefore, is sufficient to prove that | 
the universal assumption of the pressure 
of earthwork being analogous to that of 
fluid, and proportional to the depth, is 
one of convenience rather than truth. | 
The explanation of the singularly small | 
lateral thrust of the ballast in the present 
case is to be found in the fact that the 
ballast was lying between, and partially | 
held back by, the two relatively tenacious | 
layers of loamy sand and clay. As an/| 
extreme example of the same kind of! 


seen, to support the sides of a 9-feet 
square heading. 

After the experience of several rather 
troublesome slips, light timbering was 
abandoned, and a type which proved to 
be of ample strength to meet all the con- 
tingencies of heavy ground, vibration 
from road traffic, and the surcharge of 
lofty buildings, was adopted. In this 
type (Ex. 29) the 14-feet walings in- 
creased in scantling to 12 inches by 7 
inches, were spaced 7 feet apart, and 
strutted at each end and at the center. 
At one-half the breaking weight the sup- 
porting power of the walings would be 
about = xs a. x= = 670 Ibs. 

6.5°X 7 

per square foot, and as the depth of the 
excavation was in some instances as 
much as 36 feet, this would correspond 
to a fluid pressure of 18.6 lbs. per cubie 
foot. With ground weighing 112 lbs. 
per cubic foot, and a slope of repose of 
14 to 1, the theoretical lateral pressure 
would be 32 lbs. per cubic foot; and 
when it is remembered that this does 
not include any allowance for the sur- 
charge due to contiguous buildings, and 
that the stress on the timber is taken at 
fully half the breaking weight, it is clear 
that the average actual lateral pressure 
of the earthwork must have been less 
than half that indicated by theory. 

On the extensions of the Metropolitan 





action (Ex. 27), the author may state railway, the same type of timbering was 
that he once applied to a wooden box| adopted, but the walings were generally 
full of sand a pressure equivalent to a| 9 inches by 4 inches, and spaced 3 feet 
column of that material 1,400 feet high apart. The supporting power, upon the 
before the box burst. On the fiuid| same basis as in the last instance, would 
hypothesis, the lateral pressure would| be about 430 lbs. per square foot. In 
have been 1,400 feet x 23.6 lbs., or, most cases this strength proved to be 
about 15 tons per square foot; but of sufficient, but in a few instances the 
course a few lbs. would have burst the | 





box, and the sand was retained by being | 


jammed between the bottom and lid| 
of the little deal box—the equivalents of | 
the tenacious strata in the gullet. | 

In shafts the stress on the timbering | 
is far less than in a continuous trench or | 
heading, by reason of the frictional ad- 


walings broke, or showed such signs of 
distress that additional support had to 
be given. This was the case in some of the 
deep trenches along the Thames Em- 
bankment, where heavy wet silt was 
traversed. Near Whitehall Stairs (Ex. 
30) the trenches were 40 feet deep, so 
the elastic strength of the timbering was 


356 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





only adequate to the support of a fluid 
pressure of 10.6 lbs. per cubic foot, or 
probably but one fourth of that theo- 
retically due to the material; it is there- 
fore no matter for surprise that the wal- 
ings proved unequal to their work. The 
stability of the timbering in more moder- 
ate depths was, on the other hand, con- 
firmatory of the general deductions 





drawn from previous examples as to the 
wide divergence between the actual and 
calculated thrust of earthwork. 





Turning now from the consideration 


3 
lineal foot of wall. Dividing by > then 


19 lbs. per cubic foot is the weight of the 
fluid which would overturn this retaining 
wall. The ground supported is light 
dry sand, having a slope of repose of 
about 14 to 1, and consequently exert- 
ing a theoretical lateral thrust equivalent 
to a 24-lb. fluid. There is practically no 
tenacity in the soil, as the author re- 
members seeing demonstrated on one 
occasion when a horse and cart, ap- 
proaching too near the top edge of the 
slope, broke it away and rolled together 
to the bottom of the 23 feet cutting. 
Although theoretically deficient in stabil- 
ity, and subject to heavy vibration from 
the two minutes train service, the wall 
has stood perfectly without exhibiting 
the slightest movement. Upon the basis 
of the results of actual experiments, and 
having reference to the character of the 
soil and other conditions, the factor of 
safety would appear to be about 2 to 1. 
A far lower factor sufficed to secure 
the temporary stability of the dry areas 





of the temporary works of timbering to|at the station buildings previous to the 
the finished and permanent structures on | erection of the arched roofs (Ex. 32). 
the underground railway, a similar varia- |The arrangement at Sloane Square sta- 
tion in strength will be found to obtain. |tion is shown in Figs. 8 and 9. The 
The lightest retaining wall on the line is|joint stability of the front and back 
that at the Edgware Road station yard walls is the same as that of a solid 
(Ex. 31, Figs. 6 and 7). This wall is 23! rectangular wall having a thickness equal 


Fig.9 


























Section on line A B. 


feet in height from the top of the footing | to (2.4 x 2.5 + 3.8 x 5.2)! = 5.1 feet, or 
to the ground level, and has a maximum say } of the height. A fluid pressure of 
thickness of but 6 feet 3 inches at the about 9 lbs. per cubic foot would upset 
base, out of which has to be deducted a! such a wall, so the factor of safety, until 
panel 2 feet 6 inches deep. Calculating | the arched roof abutted against the dry 
the moment of stability at the level of | areas, was only that due to the few 
the footings and round a point 3 inches | 14-inch brick arches which tied the walls 
back from the face of the pier—which is | together with a certain amount of rigid- 
a sufficient allowance for the crushing |ity. This result would perhaps have 
action on the brickwork—M=4.4 feet, x | surprised the author more had he not 
8,800 lbs. = 38,720 foot pounds per | previously investigated many cases of 
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old timber wharves, in which the piles | It is a suggestive fact that, out of the 
and planking had lost more than } of |9 miles of retaining wall on the under- 





their original strength from decay, and 
yet held on against a theoretically over- 
powering thrust of earthwork. 

The relatively strongest wall on the 
Metropolitan railway system is at the 
St. John’s Wood Road station (Ex. 33), 
and that has given considerable trouble. 


ground railway, the exceptionally weak 
wall should show no movement either 
during or after construction, whilst the 
exceptionally strong wall, though having 
six times the stability of the former, 
should fail. If an engineer has not had 
some failures with retaining walls, it is 





Though 8 feet 6 inches thick at the base. | merely evidence that his practice has not 
and backed up to a height of 16 feet | been sufficiently extensive; for the at- 
only out of the total height of 21 feet 6|tempt to guard against every contin- 
inches, and supported at the top by the | gency in all instances would lead to ruin- 
thrust of the arched roof of the station, | ous and unjustifiable extravagance, and 
this wall moved over and forward to an be indeed as ridiculous a proceding as 
extent which necessitated the immediate the making every soft clay cutting at a 





adoption of remedial measures. 


| 
nam.“ 


i 
2 


| , iat 
, 


The moment of stability per lineal | 
foot M=T73,000 foot pounds, conse- 


quently dividing by bod the fluid resist- 


ance is 107 lbs. per cubic foot, or allow- 
ing for the thrust of the arched roof of | 
the station, considerably greater than 
that of a perfect fluid having the same 
density as the ground supported. It is 
not contended that such a pressure ever 
occurred upon the wall, although the) 





|slope of 10 to 1, because in a few places 


such cuttings happen to slip down to 
that slope. 

In two instances comparatively heavy 
retaining wails have failed on the Metro- 
politan railway. During the construc- 
tion of the line, the wall on the west 
side of the Farringdon street station, 
(Ex. 34), failed bodily by slipping out at 
the toe and falling backwards on to the 
slope of the earthwork (Fig. 10). This 
wall (Figs. 11 and 12) was 29 feet 3 in- 


ground is heavy yellow clay. The fail- | ches high above the footings, and 8 feet 
ure arose from causes which will be re-|6 inches thick. The ground consisted 
ferred to more generally hereafter, and | of about 17 feet of made ground, 3 feet 
the case is only mentioned as a signal|of loamy gravel, and 9 feet of clay. At 
instance of the futility of hoping to re-|a distance of 15 feet from the back of 
duce the engineering of retaining walls ‘the wall, and at a depth of 15 feet from 
to the form of a mathematical equa-|the surface of the road, was the Fleet 
tion. Sewer—a badly constructed and much 
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broken brick barrel, 10 feet 6 inches di- | commenced was rapid and alarming, as a 
ameter and 3 rings thick. It was be-| mass of densely inhabited houses was 
lieved that the leakage from the sewer | within 20 feet of the back of the vaults. 
induced the failure of the wall, but in| Steps were promptly taken to strengthen 
reconstruction both wall and sewer were | the work, by building intermediate piers 
strengthened. The latter was made 4/and doubling the thickness at the back 
rings thick in cement, and the former|(Ex. 37, Fig. 17). This arrested the 
(Ex. 35) was increased in thickness to 12|movement for a few months, when the 


Fig.11 Fig.12 FigdA3 Fig.14 
































feet 9 inches (Figs. 13 and 14). Origi- | vaults, whose stability had been thus in- 
nally the stability was equal to the resist-| creased to 93 lbs. per cubic foot, again 
ance of a fluid pressure of 24 lbs. per began to go over and slide forward. It 
cubic foot, and, as reconstructed, to 54 was clear that mere weight would not 
Ibs. ‘insure stability, so 3-feet square brick 

On the opposite side of the same sta-| struts were carried at intervals from the 
tion yard the ground was retained by a toe of the piers across and under the 
line of vaults (Ex. 36, Figs. 15 and 16),! railway to the retaining wall of the low- 


Fig.16 
























29 feet high above the footings, and 17 level line traversing the station yard, at 
feet deep—or double the original thick- a distance of about 34 feet from, and 8 
ness of the wall last referred to. Al- feet below, the level of the footings of 
though the resistance to overturning was the vaults. 

greater in the proportion of 62 Ibs. to 24. The soil in the preceding instance con- 
Ibs. per cubic foot, the vaults some years sisted of about 12 feet of made ground 
after construction came over 15 inches overlying the clay, and, as in the former 
at the top, and slid forward considerably case, a sewer was*to be found rather 
more. “The movement when once fairly close to the back of the work. West- 
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ward of the vaults, the clay encountered 
in the construction of the line was hard 
blue clay, requiring the use of a pick, 
and portions of the temporary cuttings 
in the station yard, on the site where 
the vaults were subsequently built, stood 
fairly for many months at a slope of 14 to 
1. Atone point, however, troublesome 
slips occurred, and even a 2 to 1 slope 
had to be piled at the toe to prevent for- 
ward movement. It was at this point 
that the vaults were subsequently found 
to be most dislocated. 

In neither of the above cases was fail- 
ure due to a deficient moment of stabili- 
ty in the wall, and therefore the fact of 
their failure does not in any way conflict 
with the results of the experiments pre- 
viously set forth. In each case water at 
the back of the wall was as usual the 
active agent of mischief—not in thrust- 


ing the wall forward by hydrostatic press- 


ure, but in softening the clay and afford- 
ing a lubricant, so that the resistance 
was reduced to a sufficient extent to en- 
able the otherwise innocuous lateral 
pressure of the earthwork to tilt and 
thrust forward the wall. 

A costly, but conclusive, experience of 
this softening action was obtained in the 
instance of the central pier to the double 
covered way on the District railway near 


‘of water near the foundations, owing to 
ithe line being below the limits of nat- 
ural drainage, and the pumping being 
neglected, cracks were observed in the 
arches, and on examination the concrete 
and footings of the central pier were 
found to be fractured, as shown in Fig. 
18. The load of 21 tons per lineal foot 
was thus imposed upon a base only 4 


Fig.18 
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feet wide, and the softened clay proved 
unable to sustain the pressure of up- 
wards of 5 tons per square foot. Con- 
siderable difficulty was experienced in 
\checking the movement when once es- 
tablished. The center pier was under- 
| pinned with brickwork in cement, but the 
footings, though of exceptional strength, 
| were again sheared off, and it was found 


| necessary to use 6-inch York landings. 


Gloucester Road station (Ex. 38). The! This failure shows the advisability of 
weight per lineal foot was 21 tons per | making concrete foundations of sufficient 
foot run of pier, and 4 feet 9 inches was | transverse strength to distribute the 
spread out by footings and concrete to a| weight uniformly over the ground. As 
base of 10 feet; hence the pressure on! the result of experiment, the author is 
the ground was 2.1 tons per square foot. | of opinion that the ultimate tensile re- 
In a similar construction near Alders- sistance in a beam of good cement or 
gate the load was 25 tons, and the width lias lime concrete, is about 100 lbs. per 
of base 8 feet 3 inches, giving the in-|square inch, and in a beam of good 
creased load of 2.9 tons upon the founda- | brickwork in cement as much sometimes 
tions. At the Smithfield market the|as 350 lbs. per square inch.* Taking 
author did not hesitate to place a column | the former value (Ex. 39), a 12-inch thick 
carrying 435 tons upon a 12-feet-square | concrete foundation, projecting 12 inches 
base, which is equivalent to a load of 3|/from the face of a wall, would break 

tons per square foot; and in the Euston. ee 12° x 100 . 
Road, the side wall of the covered way | With a distributed boad=— Te =4,800 
has a load of 15 tons per lineal foot on a Jbs,; or, say, 2 tons per square foot. 
4-feet-wide base, which is at the rate of With a pressure upon the foundation of, 
3% tons per square foot. In all in-|say, 3 tons per square foot, and a factor 
stances the foundation was clay, of ap-' of safety of 2, the thickness of a con- 





parently equal solidity, and in every in- 
stance but the first no settlement at all 
occurred. For some years no settlement 
was observable in that case either, but 
ultimately, after an accidental flooding 


of the line, and permanent accumulation | 


crete foundation would therefore be 
3 tons x 2 


=1.73 time the amount of 
2 tons 





* Vide “‘ The Strength of Brickwork.” By B. Baker. 
“* Engineering,” vol. xiv. 
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its projection beyond the face of the 


pier or wall, and the author would not 


advise a less thickness being used when 
the foundation rests on plastic clay. 

™Water naturally gravitates to the 
foundation of a retaining wall, and a 
softening occurs. Owing to the lateral 
thrust of the earthwork, the pressure on 
the foundations is not uniform, and in- 
stead of settling uniformly, the outer 


edge descends fastest and the top of the | 


wall is thrown outwards. The same 
softening reduces the clay to a condition 
in which it is easily ploughed up by the 





|As explained by the Rev. J. C. Clutter- 
buck, many years ago, the superficial lay- 
ers of the Londonclay are yellow, because 
the protoxide of iron is changed into a 
peroxide by the action of air and moist- 
ure in the disintegrated mass, and it is 
the yellow clay, therefore, which is the 
dread of the engineer. As good an ex- 
ample as any of the difference between 
the two materials was afforded forty 
years ago, in the well-known slip which 
occurred in the 75-feet-deep cutting at 
New Cross, when nearly 100,000 tons of 
yellow clay slipped forward on the hard 


advancing wall, and the water acts as an! smooth surface of the shale—like under- 
admirable lubricant in diminishing the lying blue clay, and buried the entire 
friction between the bottom of the wall | line for a length of more than a hundred 





and the clay on which it rests. These 
elements are exceedingly variable in their 
nature, and it is practically impossible to 
foretell the extent of their influence in 
each individual case. 


In tunneling, clay may be the best or 


the worst of materials—almost self-sup- 


porting, or pressing with irresistible | 


force on the crushing timbers and brick- 
work. It may be taken for granted that 


in good ground bad work will occasion- | 
ally creep into tunneling, however close | 
How good a material | 
clay can be was enforced upon the| 


the inspection. 


author’s attention once in renewing a 
short length of defective tunnel lining, 
when on cutting down the work it was 
found that for some 50 feet the side wall, 
instead of being 2 feet 6 inches thick as 


yards to a depth of 12 feet.* 

Owing to a misunderstanding, a sec- 
tion of concrete wall designed by the 
author to form one side of a running 
ished, and to retain the earthwork in a 
13-feet cutting through light-made 
ground, was adopted also in a similar 
case, but where the ground was heavy 
wet clay, and the cutting 30 feet deep 
(Ex. 41). A wall 13 feet in height from 
formation to coping, and only 3 feet 3 
inches thick at the base, had thus to sus- 
tain a surcharge of 17 feet. As the 
slope of repose was at least 14 to 1, the 
‘lateral thrust was theoretically equiva- 
lent to a fluid pressure of about 70 lbs. 
per cubic foot, whereas a pressure of less 
than one-third that intensity would have 
overturned the wall. The latter, never- 

















intended, consisted merely of a skin of| theless, held up the ground fairly for 
brickwork 9 in inches thick on the face,| some months, though the nature of the 
with a number of dry bats thrown in| soil was such that it ultimately became 
loosely behind this thin face wall to fill) necessary to add strong counterforts to 
up the space excavated. This tunnel | the wall, and to reduce- the slope of the 
(Ex. 40) was loaded with a weight of 46) cuttings generally to 2: 1. 
feet of clay over the crown, but no meas-; On the Thames Embankment heavy 
urable settlement had taken place ten | clay filling was in places cut through by 
years after completion, and it was rather| the District railway, and in several in- 
by sounding the side wall, than by the| stances the light side walls of the cover- 
_ observance of cracks, that a suspicion | ed way were thrust over a few inches at 
was raised as to its solidity. If the full | the top before the girders were bedded 
weight of the ground had come upon the | (Ex. 42). The side walls were eighteen 
tunnel as it did upon the heading (Ex. | feet in height from the invert to the 
25), the pressure upon the side wall | ground level, and 5 feet 6 inches thick, 
would have been 45 tons per lineal foot, | with panels 5 feet 6 inches wide,by about 2 
or practically double the strength of the | feet 9 inches deep,and piers 2 feet 6 inches 
9-inch work as determined by experi-| wide. A fluid pressure of 16 lbs. would 
ment. | overcome the stability of these walls, but, 
Of course the clay in this case was| though subject to the pressure of the 
hard blue clay, which had not been af- 
fected by the action of air and moisture, | 





a Vide Minutes of Proceedings Inst. C.E.. vol. ili., p. 
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heavy clay filling, none of them failed. 
The existence of an undue pressure was, 
however, manifested by the thrusting for- 
ward of the green brickwork during the 
few weeks that the walls were left unsup- 
ported by the girders. 

The retaining walls, at the approach 
to Euston Station, afford a good illustra- 
tion of the impossibility of making any 
reasonable approximate estimate of the 
possible lateral thrust of yellow clay, or 
of stating positively that no movement 
will ever occur. These walls, soon after 
construction, were forced out in an ir- 
regular way at the top, bottom, or 
middle, but on pulling them down, the 
clay behind appeared to be free from fis- 
sures and to stand vertical. Cast-iron 
struts were subsequently put in between 
the opposite retaining walls; and al- 
though General Burgoyne, who had 
given much attention to the subject of 
revetments, prophesied at the time that 
they would be removed in a few years, 
“when the ground had become consoli- 
dated,” the struts still remain, and the 
walls still give signs of severe and in- 
creasing stress. 

It is not only London clay that proves 
so embarrassing to engineers. In are- 
cent Paper* particular attention was 
called to the treacherous nature of some 
boulder clay which, “although so tough 
and tenacious as to give the utmost dif- 
ficulty in excavation, after a short ex- 
posure became soft and pasty in the 
winter, often jolting down the slurry.” 
Examples were given of formidable slips 
in this material, in contrast with which 
the author would point to the comparati- 
vely slow wasting of the huge boulder clay 
cliffs near the mouth of the Tyne, a mat- 
ter which he had occasion to investigate 
very closely in connection with the Duke 
of Northumberland’s lands in that dis- 
trict. From a comparison of surveys 
extending over a period of one hundred 
and fifty years, it appeared that the 
wasting of the cliff was very slow, and 
due solely to the wash of the waves at its 
base. At no time was the slope of repose 
of this 105-feet-high cliff more than 1 to 
1, and in places it stood for years at an 
average slope of less than # to 1. With 
his experience of North London clay, the 
author was startled to find people con- 





*Vide “ Earthwork Slips,” Minutes of Proceedings 
Inst. C. E,, vol. Lxiii,, p. et seq. 





tentedly living in houses partially over- 
hanging the brow of this steep and 
ragged cliff, but the stability of the clay 
was so great, and the wasting so uniform, 
that the fact of the outhouses being at 
the bottom of the 100 feet slope, and the 
main building at the top, did not appear 
in any way to disturb the equanimity of 
the householders. 

The failures of dock walls, though nu- 
merous and instructive, afford no direct 
evidence as to the actual lateral pressure 
of earthwork, because in practically every 
instance the failure is traceable to defec- 
tive foundations. The author cannot re- 
call any case in which a dock or quay 
wall founded on rock has overturned or 
moved forward, though on other founda- 
tions a movement to a greater or lesser 
extent is so much the rule that Voisin 
Bey, the distinguished engineer-in-chief 
of the Suez Canal, once stated to the 
author that he could name no exception 
to it, since he had failed to find any long 
line of quay wall, which on close inspec- 
tion proved to be perfectly straight in 
line and free from indications of move- 
ment. A brief examination of some in- 
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stances of the failures of dock walls will 
show how powerfully unknown practical 
elements affect theoretical deductions in 
such cases. 

A well-known and often cited case is 
that of the original Southampton dock 
wall, constructed now some forty years 
ago (Ex. 43, Fig. 19). This wall, 38 feet 
in height from the foundation to the 
coping, was built on a platform of 6-inch 
planks, resting on a sandy and loamy 
bottom. Before the water had been let 
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into the dock, or the backing carried to| in the recent extension of the South- 
the full height, the wall moved forward | ampton docks (Ex. 44, Fig. 20). Here 
in some places as much as three feet, but | the wall is founded on a mass of con- 
came over hardly anything at the top. ‘crete 21 feet wide; the effective thickness 
When the water was let into the dock,|at base is about 45 per cent, and the 
the filling behind becoming saturated, | mean thickness 41 per cent. of the height. 
the pressure on a receding tide exag-|A fluid pressure of from 60 to 70 lbs. 
gerated, and to secure stability it was) would be required to overturn this wall 
found necessary to discontinue the filling | if on a hard foundation, and probably as 
at some distance below the full height) much to make it move forward, unless 


of the wall, and to substitute a timber 
platform. 

The thickuess of this wall at the base 
is 32 per cent. of the height between the 


the bottom were of clay or of other un- 
favorable material. Mr. Giles has found 
even a heavier wall slide, when founded 
on a thin layer of gravel overlying clay. 


buttresses, 45 per cent. at the buttresses, In the earlier wall, if the co-efficient of 


and a rectangular wall containing the | friction of the base on the ground were 
same quantity of material would have a less than %, the wall would slide rather 
thickness equal to 26 per cent. of the|than overturn; but in the latter wall, 
height. Though the base is wide, the! without buttresses, any co-efficient ex- 
weight is light as compared with most ceeding $ would be sufficient to prevent 
other dock walls, and the tendency to’ sliding. 

slide forward is therefore greater. If} For comparison with the above, the 
founded on a rock bottom, a fluid press-| section of the east quay wall of the 
ure of about 40 lbs. per cubic foot would | Whitehaven dock may be next referred 
have been required to overturn the wall, | to (Ex. 45, Fig. 21). Having the same 
but of course a fraction of this pressure 
would suffice to make it move forward on 
the actual bottom. 

The conclusion drawn by Mr. Giles, 
M. Inst. C. E., the engineer of the docks, 
from this and other failures is, that the 
quality of a dock wall is of little conse- 
quence compared with the quantity, and a) 
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3 the thickness at the base is but 37 per 
| cent of the height, the mean thickness 31 
| per cent., and the concrete foundation 16 
|feet 6 inches, instead of 21 feet wide. 


This wall has stood perfectly, though it 
| would fail to resist the head of water 
|mentioned by Mr. Giles, but would be 
‘overturned by a fluid weighing from 45 


that it ought to be sufficiently strong not to 50 lbs. per cubic foot. During con- 
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only to hold any amount of any kind of 
backing put against it, but to carry a 
head of water equal to its height if it 
were left dry on the other side.* 

These principles have been adhered to 


=< Minutes of Proceedings Inst. C. E., vol. lv., 
p. 52. 





struction, weep holes were, however, left 
in the walls to relieve them of hydro- 
static pressure. 

Another dock wall of the same height 
as the preceding ones, is that of the 
Avonmouth dock (Ex. 46, Fig. 22). In 
this instance the thickness is 42 per cent. 





THE ACTUAL LATERAL PRESSURE OF EARTHWORK. 363 





of the height, and the concrete base 22| bottom of the dock, and the fluid press- 
feet 6 inches wide, dimensions which, | ure required for overturning would be 
with a good foundation, would enable the | about 45 lbs. per cubic foot. A coefficient 
wall to stand a full hydrostatic pressure | of friction of less than 4 would be suffi- 
at the back. Owing to the treacherous | cient to guard against sliding under this 
nature of the bottom, a long length of pressure, but owing to the existence of a 
this wall nevertheless slipped forward at| thin seam of soft greasy silt between the 


one point as much as 12 feet 6 inches, 
and sunk 4 feet 6 inches without the 
latter being affected, whilst at another 








point, where there was no forward move- 
ment, the wall came over about 1 foot 8 
inches. When the failure occurred, the 





foundation rested on apparently stiff blue 
clay, but in subsequent portions the) 
concrete was carried down through the | 


hard strata of blue clay upon which the 


foundations rested, several portions of 
the wall slid forward. The original ground 
level was about 15 feet below the top 
of the dock wall, and the excavation stood 
fairly as a slope of 1 to 1. Favorable 
material for backing did not appear to be 
available. 

The fact that the stability of a dock 

















clay to the sand.* On the east side of | wall depends far more upon the founda- 
the dock, though the walls were founded | tion than upon the thickness or mass of 
at an average depth of no less than 9/the wall itself, is well illustrated by the 
feet below the bottom of the dock, they quay wall at Carlingford (Ex. 48, Fig. 
still moved forward in the mass some 15 24). With a height of no less than 47 





feet 6 inches, and sunk 7 feet 6 inches, 
The filling was carefully punned in 
layers, with material which seems to have | 
stood fairly at a slope of 14 or 2 to 1, so_ 
that the wall theoretically possessed an 
excess of strength, and yet, owing to the 
existence of conditions which it was im- 
possible for the engineer to foresee, 
failures occurred as described. 

A somewhat similar case of sliding for- 
ward occurred at the New South Dock, | 
West India Docks (Ex. 47, Fig. 23). The | 
wall is 35 feet 9 inches high from the top | 
of the footings to the coping, and 13 
feet, or 36 per cent. of the height, thick | 
at the base. The concrete foundation is 
17 feet wide, and 6 feet deep below the 


* Vide Minutes of Proceedings Inst. C. E., vol. lv., 
* e i 
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feet 6 inches, the thickness of wall and 
‘width of foundation at the base are each 


but 15 feet, or less than 32 per cent. of 


the height, and the mean thickness is 


but 24 per cent. A lateral pressure of 
half that due to a hydrostatic pressure 


would probably suffice to overturn this 
structure. 
In contrast with the preceding wall 


‘may be cited that of the dock basin at 
Marseilles (Ex. 49, Fig.25). In both in- 


stances the foundation was good, and 
the wall rested immediately upon it with- 
out the interposition of any broad mass 
of concrete; but the French engineer, 
though the wall was but 32 feet high, 
made the thickness at the base no less 
than 16 feet 9 inches, or 52 per cent. of 
the height—an unusually large propor- 
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l 
tion, which he was led to adopt in conse- | that of the second, inclusive of the mass 
quence of the stratification of the) of concrete backing, is no less than 23 
ground inclining towards the wall. | feet, or, say, $ of the height. 

Perhaps one of the boldest and most} One of the most troublesome cases of 
successful examples of a lightly-propor- | dock-wall failures was that at the Belfast 
tioned wharf wall is that built by Colo-|harbor* (Ex. 52, Fig. 29). This wall 
nel Michon in 1857 on the Moselle at| was founded upon round larch piles 15 
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Toul (Ex. 50, Figs. 26 and 27). With a | feet long, 10 inches in diameter at the 
height of 26 feet, and a batter of 1 in| top, and 4 feet 6 inches apart from cen- 
20, the thickness of the wall through the| ter to center. Symptoms of settlement 
counterforts is but 3 feet 7 inches at the| became apparent soon after the filling 
base, and though the filling is ordinary| was commenced, and some remedial 
material, having a slope of repose of 14| measures were attempted. The ground, 
to 1, and the floods rise within 6 feet of | however, was hopelessly bad, the slope 
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the top of the coping, no movement’ of repose ranging from 3 to 1 to 6 to 1, 





whatever has occurred since the wall was 
built. 

As striking a contrast as could be 
wished to the above light construction is 
found in Sir John Macneill’s quay wall 
at Grangemouth harbor (Ex. 51, Fig. 28). 
Both walls are of about the same height, 
but whilst the mean thickness of the 


first is only 3.7 feet, or + of the height, 





and the backing material being equally 
bad, the light piling was inadequate to 
resist the thrust. Two years after erec- 
tion a length of about 70 lineal yards of 
wall was overturned and carried forward 
into the middle ef the dock entrance, the 
piles being sheared off about 6 feet be- 





a Vide Minutes of Proceedings Inst. C.E., vol. lv., p. 
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low the bottom of the wall. The height | feet from bottom of dock to coping, of 

from the top of the pile to the coping is | practically the same ratio. Either or 

31 feet 6 inches, and the thickness at the | these walls would be capable of resist- 

base 16 feet, or half the height. On ing the full hydrostatic pressure. 

good ground, therefore, the wall would; An early example of a successful wall 

have had an ample margin for stability. |ona very bad foundation is afforded by 
A somewhat similar failure occurred in|Sir John Rennie’s Sheerness wall (Ex. 

the instance of the original side walls of | 56, Fig. 33). The subsoil consisted of 

the lock chamber of the Victoria docks* | 

(Ex. 53, Fig. 30). These docks were built 











at a time when little confidence was placed Fig.33 
in concrete as a durable material for i 
dock work, and consequently the walls ae 


were faced with cast-iron piling and | 
plates, as in previous instances at Black- | 
wall and elsewhere. The foundations | 
were on a layer of gravel overlying the | 
clay, but the face piling had little hold | 
in the gravel, and the base of the wall | 
itself was only some 30 per cent. of the | 
height, hence, when the water was let | 
into the dock, the hydrostatic pressure | 
at the back of the lock wall forced it 
bodily forward into the lock, ploughing 
up the puddle in front of it, and break- MW 
ing tie bolts and tie piles as it advanced. [I lial ns 
In reconstruction a solid concrete wall 20 - iH i 
feet thick, and having nearly treble the 
stability, was carried through the gravel | 
down to the clay. : loose running silt for adepth of about 50 
_ The wall of the Victoria Dock Exten- feet, covered with soft alluvial mud, and 
sion Works, by Mr. A. M. Rendel, M. the depth at low water was at some 
Inst. C.E. (Ex. 54, Fig. 31), has a thick- | points as much as 30 feet. A piled plat- 
|form about 42 feet in width, with sheet- 
Fig.31 Fig.32 ‘ing piles on the river face, and 12-inch 
piles pitched from 3 to 4 feet apart over 
‘the whole area, and driven until a 15-ewt. 
monkey falling 25 feet did not move 
‘them more than 4 inch at a blow, was 
_ prepared, and upon this the wall, no less 


| 
| 


eet 50 feet in extreme height and 32 


























feet in effective thickness at the base, 
was raised. In no case has any yielding 
or unequal settlement taken place, ex 
cept in the instance of the basin wall, 
the cracks in which Sir John Rennie at- 
tributed to other causes than a failure in 
the foundation. Although the voids in 
|the masonry were designedly filled in 
‘ | with grouted chalk and other light mate- 
ness of about 50 per cent. of the height ‘rial, the Sheerness river wall "ies per- 
at the point where the 18-feet wide haps a greater moment of stability than 
foundation meets what may be termed | any other wall in the world. 


the body of the wall, and the wharf; 4, other excepti 
wall, ptionally heavy wall, more 
wall of Mr. Fowler's Millwall dock (EX. than 9 half century younger than the 


55, Fig. 32) has a maximum thickness Haw 3 
, : . | preceding, is that of the Chatham Dock- 
of 13 feet 6 inches for a height of 28 yard Extension (Ex. 57, Fig. 34). The 
height from the bottom of the dock to 











~~ #Jbid., vol. xviii., p. 462. 
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the coping is 39 feet, and the founda-| Walls made of large concrete blocks, 
tions are carried down to the loam gravel | resting upon a mound of rubble, have 
or chalk at a depth of 4 feet 6 inches | been constructed in many of the Medi- 
below the bottom of the dock. The|terranean ports, generally with success, 
thickness of the wall is 21 feet at the | but occasionally with failure, as at Smyr- 
base, or, say, 4 of the extreme height. | na, where, owing to the great settlement, 
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On a hard chalk bottom it would resist a 
fluid pressure of about 80 lbs per cubic 
foot. 

Two examples of Liverpool dock 
walls, namely, that at the Canada half- 
tide basin, and that at the Herculanean 
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docks, are given in Figs. 35 and 36. The 
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former (Ex. 58) is 43 feet in extreme! 


height, and 19 feet, or 44 per cent. wide 
at the base. The latter (Ex. 59) is 39 
feet high, and 18 feet, or 46 per cent. 
wide at the footings, which rest on a 
marl bottom. A dock wall at Spezzia 
(Ex. 60) of somewhat similar propor- | 
tions, the height being 41 feet, and the | 
width at the bottom of foundations 23) 
feet, or 56 per cent. of the height is) 
shown on Fig. 37. ~ | 














six and seven tiers of blocks had to be 
superimposed instead of four, as in- 
tended, and the quay wall had after all 
to be supported by a slope of rock in 
front extending up to within 7 feet of 
mean sea level, and seriously interfering 
with the use of the quays. The propor- 


38 
7 Fig.39 





tions arrived at by experience are a width 
of 9 meters at the top, and a thickness 
of not less than 2 meters for the rubble 
mound ; a depth of 7 meters below the 
water line, and a thickness of 4 meters 
for the concrete block wall resting on 
the mound; and a minimum thickness of 
2.5 meters, and a height of 2.4 meters 
for the masonry wall coping the concrete 
blocks. 

At Marseilles (Ex. 61, Fig. 38), the 
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top of the rubble mound is only 6 port rubble hearting only, instead of 
meters below the water-line, so vessels sand and other material, having a much 
occasionally bump; and the concrete flatter slope of repose. Occasionally, as 
block wall 3-4 meters, or 40 per cent. of has been stated (Ex. 22), rubble will not 
the height, in thickness has proved stand at less than 14 to 1; but at Holy 
rather less stable under the contingencies head and Alderney the slope of the rub- 
of working and the surcharge of build- ble mound on the harbor side is only 





ings and goods than is considered desir- 
able. 

Examples are not wanting, however, 
of walls founded on rubble mounds 
where the thickness holds a smaller ratio 
to the height than the 42 per cent., con- 
sidered necessary by the French engi- 
neers. Mr. Fowler has made concrete 
block walls in the Rosslare Harbor (Ex. 
62) 42 per cent. of the height on the sea 
face, and but 28{per cent. on the harbor 
side, but cross walls at 50-feet intervals 
considerably strengthen the work. The 
inner wharf wall of the Holyhead new 
harbor, again (Ex. 63, Fig. 39), is 27 feet 
high and 8 feet thick, a ratio of under 30 
per cent., but though stable, the line of 
coping is somewhat wavy on plan. The 
original wall of the West Pier at White- 
haven (Ex. 64, Fig. 40), is42 feet 6 inches 


Fig.41 

















high, with a thickness of 8 feet 6 inches 
between the buttresses, which latter are 
6 feet deep by about 4 feet wide and 15 
feet apart ; but the lightest of all, per- 


haps, is the dry masonry outer wall of the | 


St. Katherine’s breakwater, Jersey, (Ex. 
65, Fig. 41), which is only 14 feet wide 


at the base for a total height of 50 feet, | 


or a ratio of 28 per cent. 
It must not be forgotten, of course, 
that the three latter walls bave to sup- 


‘about 1j tol. At Cherbourg it is 1 to 
'1, and at Leghorn the large concrete 
blocks are found to be stable at a slope 
of tol. By a very little care in selec- 
tion, the thrust of a rubble filling may 
be reduced to a fraction of that arising 
from bad material, and indeed in the 
ordinary run of fishing piers in the North 
|of Scotland, however great the height, 
| the face wall of the rubble-hearted pier 
consists simply of stones from 3 to 4 
feet in depth, laid dry toa batter of about 
lin 5. The north-east pier at Seham, 
again, has an inner wall 25 feet high, 
| battering 14 inch to the foot, and only 5 
feet thick, and many similar examples 
are to be found at other points of the 
coast. 

The most cursory examination of cases 
of failure cited above will serve to justify 
the statement that the numerous dock- 
wall failures do not afford any direct 
evidence as to the actual lateral pressure 
of earthwork. Thus, remembering Gene- 
ral Burgoyne’s battering wall, only 17 
per cent. of the height in thickness, 
supported the heavy sodden filling at its 
back, no calculation is required to show 
that the 32 and 45 per cent. Southamp- 
ton Dock counterforted wall, the 42 per 
}cent. Avonmouth Dock wall, the 36 per 
‘cent. West India Dock wall, the 50 per 
‘cent. Belfast Harbor wall, and the 30 per 
'eent. Victoria Dock wall, would all have 

stood perfectly had the foundation been 

| rock, as in the instances of General Bur- 
| goyne’s experimental walls, instead of 
‘the mud, clay, and silt which it actually 
| was. 

Not only the strength, but the type of 
cross-section, is singularly indicative of 
the small influence which theory and ex- 
periment have exercised upon the design 
of dock walls. If the early theorists and 

_experimentalists were in accord upon one 








| point, it was upon the immense advant- 
‘age afforded by a counterforted wall. 
Lieutenant Hope was led by his experi- 
/ments to conclude that if good counter- 
forts were introduced, the merest skin of 
'face wall would suffice for the portion 
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between them, and theorists of course 
arrived at the same conclusion, from a 
comparison of the moments of stability 
of rectangular blocks of masonry edge- 
wise and flatwise. Nevertheless, in only 
one of the preceding dock walls, and that 
one forty years old, are counterforts in- 
troduced. In practice it was found that 
counterforts frequently separated from 
the body of the wall, and they were con- 
sequently regarded as untrustworthy. 
It is open to question whether this con- 
clusion does not require reconsideration 
in these days of cheap, strong, and 
easily-moulded Portland cement concrete. 
Nothing but blasting would separate the 
counterforts from a good concrete wall. | 





dock wall. It may be asked, with reason 
why a bad bottom should affect the 
thickness of a retaining wall, or, in other 
words, why the foundation should not 
first be made good, and then a wall of 
ordinary thickness be built upon it. The 
answer, of course, is that if weight is re- 
quired to prevent sliding, it is just as 
economical to distribute the material 
over the general body of the wall as to 
confine it to the foundations. It follows, 
therefore, that under the stated condi- 
tions the adoption of a counterforted 
wall would lead to no economy in ma- 
terial, whilst it would involve additional 


| labor in construction. 


A dock wall is subject to far larger 








The author has used concrete in many | contingencies than an ordinary retaining 
varieties of structures, and as long back | wall, and the required strength will be 
as fifteen years built a four-story ware- | included only within correspondingly 
house, walls and floors, entirely of con- | large limits. Hydrostatic pressure alone 
crete, without the introdugtion of any; may more than double or halve the 
iron girders. He is bound to admit, factor of safety in a given wall. Thus, 
however, that by far the boldest and) with a well-puddled dock bottom, the 
most thorough adaptation of the ma-/| subsoil water in the ground at the back 
terial to multifarious uses met with by|of the walls will frequently stand far 
him was in the instance of some farm | below the level of the water in the dock, 





buildings in an out-of-the-way district in 
Co. Kerry, Ireland. The small tenant- 
farmer and his laborers—none of whom 
were receiving over 11s. a week—with- 
out skilled assistance of any kind, had 
constructed dwelling-house, cattle-sheds, 
and hay-barn wholly of concrete. The 
cattle-shed was roofed with concrete 
arches of 15-feet span, 1 foot rise, and 
4 inches thick, springing from octagonal 
concrete pillars 8 inches in diameter, 
spaced 15 feet apart from center to center. 
A layer of concrete constituted the pav- 
ing, concrete slabs divided the stalls, the 
cattle fed and drank out of concrete 
troughs, the windows were glazed in 
concrete mullions, the gates hung on con- 
crete posts, and the farmer seemed to 
regret somewhat that he had not adopted 
concrete doors and concrete five-bar 
gates. 

Portland cement concrete being thus 
possessed of such great tenacity, there is 
no risk of counterforts separating from 
the body of a wall, but it by no means 
follows that there would be any advant- 
age in using them in other than excep- 
tional cases. In practice, as failures have 
shown, it is weight, with the consequent 
grip on the ground, rather than a high 
moment of stability, that is required in a 


'and the hydrostatic pressure may thus 
wholly neutralize the lateral thrust of the 
earth, or even reverse it, as in the case of 

the inner retaining walls on the Soon- 
|kesala canal, some of which, though 35 
feet in height, are only 2 feet thick at the 
top and 7 feet 6 inches at the base. On 
the other hand, with a porous subsoil at 
a lock entrance, the back of the walls 
may be subject, on a receding tide, to the 
full hydrostatic pressure due to the 
range of that tide plus the lateral press- 
ure of the filling. Again, the water may 
stand at the same level on both sides of 
the wall, but may or may not get under- 
neath it. If the wall is founded on a 
rock or good clay, there is no more 
reason why the water should get under 
the wall than that it should creep through 
any stratum of a well-constructed ma- 
sonry or puddle dam, and under those 
circumstances the presence of the water 
will increase the stability by diminishing 
the lateral thrust of the filling. With 
rubble filling, assuming the weight of 
the solid stone to be 155 lbs. per cubic 
foot, and the voids to be 35 per cent., 
the weight of the filling would be 100 lbs. 
per cubie foot in air, and 59 lbs in water, 
and the lateral thrust will be that due to 
the latter weight. 
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If, however, as is perhaps more fre- 
quently the case, the wall is founded on 
a@ porous stratum, the full hydrostatic 
pressure will act on the base of the wall, 
and reduce its stability in practical cases 
by about one-half. Thus, the 30-ton 
concrete block walls on rubble mounds, 
at Marseilles and elsewhere, have the 
stability due to a weight of, say, 130 lbs. 
per cubic foot in the air, and 66 lbs. per 
cubic foot in sea water: but the rubble 
filling at the back of the wall, being simi- 
larly immersed, is also reduced in weight, 
and consequently thrust to a correspond- 
ing extent, so the factor of safety is un- 
affected. 

In walls with offsets at the back, as in 
Figs. 25 and 36, and water on both sides, 
the stability will be much increased by 
the hydrostatic pressure on the top of 
the offsets, should the wall rest on an 
impermeable foundation. It is generally 
assumed, in theoretical investigations,* 
that the weight of earthwork super-im- 
posed vertically over the offsets should 
be included in the weight of the wall in 
estimating the moment of stability ; but 
the author has found no justification in 
practice for this assumption. He has in- 
variably observed that when a retaining 
wall moves by settlement or otherwise, 
it drops away from the filling, and cavi- 
ties are formed. A settlement of but 4/5 
of an inch, after the backing had become 
thoroughly consolidated, would suffice to 
relieve the offsets of all vertical pressure 
from the superimposed earth, and the 
latter cannot therefore be properly con- 
sidered as contributing to the moment of 
stability. 

A wall with deep offsets at the back is 
not a desirable form where the foundation 
is bad, and where, consequently, the 
pressure over the foundation should be 
as uniform as possible, so that a settle- 
ment may take the form of a uniform 
sinking, and not a tilting forward of the 
coping by reason of the toe sinking faster 
than the back of the wall. A paneled 
wall, such as that shown on Figs. 11 to 
14, though not admissible in dockwork, 
is on bad ground far less liable to come 
over than a wall with offsets at the back, 
and with a consequent concentration of 
weight at the front, where the conditions 





* Vide “ A Manual of Civil Engineering.” By W. J. 
M. Rankine, p. 402. 
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of a lateral thrust especially require that 
it should not be. 

The latter conditions also indicate the 
expediency of adopting raking piles, as in 
Fig. 33, rather than vertical piles, as in 
Fig. 29, where a piled foundation is un- 
avoidable. Thus, taking an ordinary 
case of dock wall, in which the factor of 
safety, as regards overturning, is 3, and 
the ratio of weight of wall to the lateral 
pressure of earthwork required to over- 
turn it is 1g to 1, it follows that if the 
foundation piles are driven at the 
rate of 1 to3 + 1% = 1: 5 there will be 
no transverse strain tending to break 
them off, as in the case illustrated by Fig. 
29, and no tendency to plough up the 
soft. ground in front of the toe of the 
wall. 

If an engineer could tell by inspection 
the supporting power and frictional ad- 
hesion of every vit of soil laid bare, or 
see through 5 or 10 feet of earth into a 
“pot hole,” or layer of slimy silt, he 
might avoid many failures, and even hope 
to frame some useful equations for ob- 
taining the required thickness of a dock 
wall. Taking things as they are, how- 
ever, itis hardly worth while to use even 
a scale and compass in such work, for 
being in possession of all the informa- 
tion obtainable about the foundation and 
backing, an engineer may at once sketch 
as suitable a cross-section for the parti- 
cular case as he could hope to arrive at 
after any amount of mathematical inves- 
tigation. Something must be assumed 
in any event, and it is far more simple 
and direct to assume at once the thick- 
ness of the wall than to derive the latter 
from equations based upon a number of 
uncertain assumptions as to the bearing 
power of the foundations, the resistance 
to gliding, and other elements. This 
being so, it has often struck the author 
that the numerous published tables 
giving the calculated required thicknesses 
of retaining walls to three places of deci- 
mals, stand really on exactly the same 
scientific basis, and have the same prac- 
tical value, as the weather forecasts for 
the year in Old Moore's Almanack. In 
both cases a pretence is made of foretell- 
ing what experience has shown can often 
not be known until after the event. One 
well-known authority gives young en- 
gineers the choice of five hundred and 
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has shown the actual lateral thrust of 
good filling to be equivalent to that of a 
fluid weighing about 10 Ibs. per cubic 
foot, and allowing for variations in the 
ground, vibration, and contingencies, a 
factor of safety of 2, the wall should be 
able to sustain at least 20 Ibs. fluid press- 
ure, which will be the case if } of the 
height in thickness. 

It has been similarly proved by expe- 
rience that under no ordinary conditions 
of surcharge or heavy backing is it ne- 


simple vertical rectangular retaining 
wall, so that an unfortunate neophyte 
might not unreasonably conclude that 
the task before him was not to decide 
whether, say, a 32-feet wall should be 20 
feet thick, as in Example 60, or 9 feet, as 
in Example 62, but whether it should be 
14 feet 6 inches or 14 feet 54 inches 
thick. 

Although dock wall failures do not 
afford any data as to the actual lateral 
pressure of earthwork, a knowledge of 
the latter will enable much valuable in-|cessary to make a retaining wall on a 
formation to be deduced as to the bearing | solid foundation more than double the 

ower of soil and other matters from | above, or 4 of the height in thickness. 
such failures, and the data so obtained| Within these limits the engineer must 
will be applicable to other structures | vary the strength in accordance with the 
beside retaining walls. Knowing the} conditions affecting the particular case. 
actual lateral thrust, the coefficient of | Outside these limits the structure ceases 
friction of the base of a wall which has | to bea retaining wall in the ordinary ac- 
been pushed forward on the ground can ceptation of the term. A 9-inch brick 
be at once deduced, but if the theoretical | facing might secure the face of a friable 
as distinguished from the actual thrust| chalk cutting which, if suffered to re- 
were introduced into the equation, the main exposed to the action of the weather, 
result would be valueless. would crumble down to a slope of 1 to 1, 

The aim of the author in the present | and a massive bridge pier, with an “ice- 
paper has been to set forth as briefly as| breaker” cutwater, might stand firm 
possible what he knows regarding the | against an avalanche, but in neither case 
actual lateral thrust of different kinds of | could the structure be fairly stated to be 
soil, in the hope that other engineers' a retaining wall. 
would do the same, and that the infor-| Hundreds of revetments have been 
mation asked for by Professor Barlow} built by Royal Engineer officers in ac- 
more than half a century ago may be at| cordance with General Fanshawe’s rule 
last obtained. Although the acquirement | of some fifty years ago? which was to 
of the missing data would probably lead | make the thickness of a rectangular brick 
to no modification in the general propor- | wall, retaining ordinary material, 24 per 
tions of retaining structures, since these|cent. of the height for a batter of 4, 
are based upon dearly-bought experience, | 25 per cent for 4, 26 per cent. for 4, 27 
it is none the less desirable that it should | per cent. for ~,, 28 per cent. for +z, 30 
be obtained ; for an engineer should be’ per cent- for y4, and 32-per cent. for a 
able to show why he believes that a given | vertical wall. 
wall will stand or fall. To assume upon} Asa result of his own experience the 
theoretical grounds a lateral thrust, | author makes the thickness of retaining 
which experiments prove to be excessive, | walls in ground of an average character 

















and to compensate for this by giving no 
factor of safety to the wall, is not a scien- 
tific mode of procedure. 

Experience has shown that a wall } of 
the height in thickness, and battering 1 
inch or 2 inches per foot on the face, 
possesses sufficient stability when the 
backing and foundation are both favor- 
able. The author, however, would not 
seek to justify this proportion by assum- 
ing the slope of repose to be about 1 to 


equal to 4 of the height from the top of 
the footings, and if any material is taken 
out to form a face panel, three-fourths of 
it are put back in the form of a pilaster. 
The object of the panel, as of the 14 
inch to the foot batter which he gives to 
the wall, is not to save material, for this 
involves loss of weight and grip on the 
ground, but to effect a better distribu- 
tion of pressure on the foundation. It 
may be mentioned that the whole of the 
walls on the District railway were de- 





1, when it is perhaps more nearly 1} tol, 
and a factor of safety to be unnecessary, 
but would rather say that experiment 


signed on this basis, and that there has 
not been a single instance of settlement, 
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or of coming over or sliding forward. 
The author has in the present paper 
analyzed a few dozen experiments, and 
discussed as many more facts; but an en- 
gineer’s experience is the outcome not of 
a few facts, but of the thousands of in- 
cidents which! force themselves on his at- 


tention in carrying out work, and it is this 
experience, acquired in the construction 
of works of a somewhat special character, 
which has convinced the author that the 
laws governing the lateral pressure of 
earthwork are not at present satisfac- 
torily formulated. ; 








ELECTRIC POWER. 
From “The Engineer.” 


Just now nothing save electricity is | sally diffused through the universe. To 
talked about in scientific circles. During judge by recently-published statements, 
the meeting of the British Association a large section of the reading public are 
the greatest possible prominence was | taught that this fluid is a source of 
given to electrical questions and proposi- | power, and that it may be made to do the 
tions. The success of the electric light,| work of coal. This is a delusion. So 
the introduction of the Faure battery long as electricity remains in what we 
with a great flourish of trumpets, and | may calla normal state of repose, it is 
the magnificent display of electrical in-|inert. Before we can get any work out 
struments and machinery at Paris, have of electricity a somewhat greater amount 
all operated to the same end. Thedaily of work must be done upon it. If this 
press has taken the subject up, and jour- | fundamental and most important truth 
nals which were nothing hitherto if not|be kept in view, it will not be easy to 
political, now indulge in magnificent make a grave mistake in estimating the 
rhapsodies concerning the future of elec-| value of any of the numerous schemes 
tricity. Even eminent engineers carried for making electricity do work which will 
away by the intoxication of the moment | ere long be brought before the public. 
have not hesitated to say that the steam | To render our meaning clearer, we may 


engine is doomed, and that its place will | 
In 


be taken by the electricity engine. 
the midst of all this noise and clamor, 
and blowing of personal trumpets, it is 
not easy to keep one’s head clear, and 
mistakes may be made which will cause 
disappointment to many and retard the 
progress of electrical science. 
fidently expect that electricity will prove 


a potent agent by-and-bye in the hands, 


of the speculator for extracting gold 


from the pockets of the public, and we | 
write now to warn our readers in time, | 
and to endeavour to clear the air of some | 
of the mists with which it is obscured. | 
There is, no doubt, a great future before | 


electricity ; but it is equally certain that 
electricity can never do many things 


We con- | 


explain that in producing the electric 
light, for instance, a certain quantity of 
electricity passesin through one wire to 
the lamp, and precisely the same quantity 
passes out through the other wire, and 
on to the earth or return wire complet- 
ing the circuit. Not only is the quantity 
the same, the velocity is also unchanged. 
But in going through the lamp the cur- 
rent has done something. It has over- 
come the resistance of carbons, heated 
them to a dazzling white heat, and so 
performed work. In doing this, thecur- 
rent of electricity has lost something. 
Led from the first lamp to a second, it 
is found powerless—if the first lamp be 
What is it that the 

It has parted with 


| of sufficient size. 
electricity has lost? 





which the half-informed may be readily | what electricians term “ potential,” or 
* made to believe it will do. We propose the capacity for performing work. What 
here to say enough on this point to en- this is precisely, orin what way the pre- 
lighten our readers without troubling | sence or absence of potential modifies 
them with perplexing problems and_| the nature of the electric current, no one 
speculations. | knows; but it is known that this potential 

No one at this moment knows what |can only be conferred on electricity by 
electricity is; but for our present pur-| doing work on the electricity in the first 
pose we may regard it as a fluid, non-|instance. The analogy between electricity 
elastic, and without weight, and univer-|and a liquid like water will now be re- 
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cognized. So long as the water is atrest ‘stance on the motion set up in the body 
it is inert. If we pump it up to a height, | attracted or repulsed, and this motion is, 
we confer on it the equivalent of poten-| of course, some function of work origin- 








tial. We can let the water fall into the 
buckets of an overshot wheel. Its velo- 
city leaving the tail race may be identical 
with that at which it left the supply 
trough to descend on the wheel. Its 
quantity willbe the same. It will be in 
all respects unchanged, just as the cur- 
rent of electricity passing through a lamp 
is unchanged; but it has, nevertheless, 
lost something. It has parted with its 
potential—its capacity for doing work— 
and it becomes once more inert. But 
the duty which it discharged in turning 
the mill wheel was somewhat less than 
the precise equivalent of the work done 
in pumping it up to a level with the top 
of the wheel. In the same way the elec- 
tric current never can do work equal in 
amount to the work done on it in endow- 
ing it with potential. 

It will thus be seen that electricity can 
only be used as a means of transmitting 
power from one place to another, or for 
storing power up at one time to be used 
at a subsequent period ; but it cannot be 
used to originate power in the way coal 
can be used. It possesses no inherent 
potential. It is incapable of performing 
work unless something is done to it first. 


ally done on the body. We need not 
pursue this argument further. Among 
the most scientific investigators of the 
day it is admitted that the efficiency of 
electricity as a doer of work, or a pro- 
ducer of action at a distance, must de- 
pend for its value on the performance of 
work in some one way or another on 
' the electricity itself in the first instance. 
‘It may be worth while here to dispel a 
popular delusion. It is held very gene- 
'rally that electricity can be made, as, for 
instance, by the galvanic battery. There 
is no reason to believe anything of the 
kind; but whether it is or is not true 
that electricity is actually made by the 
combustion of zinc in a galvanic trough, 
it is quite certain that this electricity, 
unless it possesses potential, can do no 
work, no matter how great its quantity. 
Of course, it is to be understood that all 
electric currents possess potential. If 
they did not their presence would be un- 
known; but the potential of a current is 
in all cases the result of work done on 
electricity, either by the oxidation of 
zinc, or, in some other way. This is a 
broad principle, but it is strictly consist- 
ent in every respect with the truth. 














We have spoken of it as a fluid, but only | Electricity then is, as we have said, totally 
for sake of illustration. As we have said, | different from coal ; and it can never be- 
no one knows what it is, but the theory| come a substitute for it alone. Water 
which bids fair for acceptance is that itis | power, air power, or what we may, for 
a mode of motion of the all-pervading| want of a better phrase, call chemical 
ether. Very curious and instructive ex-| power, combined with electricity, can be 
periments are now being carried out in| used asa substitute for coal; but elec- 
Paris by Dr. Bjerkness, of Christiana, in | tricity cannot of itself-be employed todo 
the Norwegian section of the electrical) work. It is true, however, that elec- 
exhibition. This gentleman submerges | tricity, on which work has already been 
thin elastic diaphragms in water, and/| done, may be found in nature. Atmos- 
causes them to vibrate, or rather pulsate, | pheric electricity, for example, may per- 
by compressed air. He finds that if they | haps yet be utilized. Jt is by no means 
pulsate synchronously they attract each | inconceivable that the electricity contain- 
other. If the pulsations are not} ed in a thunder cloud might beemployed 
simultaneous, the discs repel each other. | to charge a Faure battery ; but up to the 
From this and other results which/ present no one has contemplated obtain- 
he has obtained, it may be argued| ing of power from the clouds, and whether 
that the ether plays the part of/it is or is not practicable to utilize 4 
the water in Dr. Bjerkness’ tank, and| great natural force in this way does not 
that when special forms of vibration | affect our statement. The use of elec- 
are set up in bodies they become compe- | tricity must be confined to its power of 
tent to attract or repel other bodies. | transmitting or storing up energy, and this 
This being so, it will be seen that the| truth being recognized, it becomes easy 
power of attraction or repulsion of an/|to estimate the future prospects of elec- 
electrical body depends in the first in-/ tricity at something like their proper value. 
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ELECTRIC POWER. 

It has been proved to a certain extent | with a difference in net efficiency between 
that electricity can be used to transmit | themselves and the locomotive—admit- 
power to a distance, and that it can be | ting the original efficiency per pound of 
used to store it up. Thus far the man | coal in both to be the same—of some 27 
of pure science. The engineer now|percent., we think we may relegate this 
comes on the stage and asks—Can prac- | scheme to the realms of oblivion. Another 
tical difficulties be got over? Can it be | idea is that by putting up turbines and 
made to pay? In trying to answer these | dynamo machines the steam engine might 
questions we cannot do better than deal | be superseded by water power. Now it 
with one or two definite proposals which | so happens that if all the water power 
have been recently made. That with | of England were quadrupled it would not 
which we shall first concern ourselves is | nearly suffice for our wants. It may be 
that trains should be worked by Faure found worth while perhaps to construct 
batteries instead of by steam. It is sug- | steam engines close to coal pits and send 
gested that each carriage of a train out power from these engines by wire; 












should be provided with a dynamo 
motor, and that batteries enough should 
be carried by each to drive the wheels, 
and so propel the train. Letus see how 
such a scheme would comply with work- 
ing conditions. Let us take for example 
a train fifteen coaches on the Great 
Northern Railway, running without a 
stop to Peterborough in one hour and 
forty minutes. The power required 
would be about 500 horses indicated. 
To supply this for 100 minutes, even on 
the most absurdly favorable hypothesis, 
no les than 25 tons of Faure batteries 
would be required. Adding to these the 
weight of the dynamo motors, and that 
unavoidably added to the coaches, it will 
be seen that a weight equal to that of an 
engine would soon be reached. The only 
possible saving would be some 28 to 30 
tons of tender. In return for this all the 
passengers would have to change coaches 
at Peterborough, as the train could not 
be delayed to replace the expended with 
fresh batteries. This is out of the ques- 
tion. The Faure batteries must all be 
carried on one vehicle or engine, which 


but the question will be asked, which is 
the cheaper of the two, to send the coal 
or to send the power? On the answer 
to this will depend the decision of the 
mill owners. Another favorite scheme is 
that embodied in the Siemens’ electrical 
railway. We believe that there isa great 
future in store for electricity as a worker 
of tramway traffic; but the traffic on a 
great line like the Midland or Great 
Northern Railway could not be carried on 
by it. As Robert Stephenson said of the 
atmospheric system, it is flexible enough. 
The working of points and crossings, and 
the shunting of trains and wagons, would 
present unsurmountable difficulties. We 
have cited proposals enough, we think, to 
illustrate our Meaning. Sir William 
Armstrong, Sir Frederick Bramwell, Dr. 
‘Siemens, Sir W. Thompson, and many 
| others may be excused if they are alittle 
enthusiastic. They are just now over- 
joyed with success attained; but when 





the time comes for sober reflection they 


will, no doubt, see good reasonto mode- 
rate their views. No one can say, of 
course, what further discoveries may 


could be changed for another, like a loco-| bring to light; but recent speakers and 


motive. Even then no advantage would | 
be gained. As to cost, it is very un- 


writers have found in what is known 
already, materials for sketching out a 


likely that the stationary engines which | romance of electricity. It is but romanc- 
must be provided to drive the dynamo | ing to assert that the end of the steam 
machines for charging the batteries |engineis at hand. Wonderful and mys- 
would be more economical than loco-| tical as electricity is, there are some very 
motive engines ; and if we allow that the | hard and dry facts about it, and these 
dynamo machine only wasted 10/ facts are all opposed to the theory that 
per cent. of the power of the engine, | it can become man’s servant of all work. 
the Faure batteries 10 per cent of|Ariel-like, electricity may put a girdle 
the power of the dynamo machines, | round the earth in forty minutes ; but it 
and the dynamo motors 10 per cent. of | shows no great aptitude for superseding 








the power of the batteries—all ridicu- 
lously favorable assumptions—yet the 





stationary engines would be handicapped 


the useful old giant steam, who has 
toiled for the world so long and to such 


good purpose. 
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STRENGTH AND DUCTILITY OF THE COPPER-TIN-ZINC 
ALLOYS. 


By ROBERT H. THURSTON. 


(PRESENTED aT THE 13TH ANNUAL ConvENTION, JuNE 171TH, 1881.) 


From the Transactions of the American Society of Civil Engineers.* 


In a paper read before the American 
Society of Civil Engineers a few months 
since,* the writer gave an account of a 
method of research which led to the ap- 
proximate determination of the compo- 
sition of the strongest possible triple 
alloy of copper-tin-zinc, and described 
the properties of alloys made with 
with more or less accuracy and care 
by the formula of composition so ob- 
tained. In order to exhibit the re- 
lation of such metals to the other triple 
alloys, some of which were already well 
known compositions, a sketch was given 
of the relief model used in the identifica- 
tion of the strongest possible metal ob- 


I. 

least valuable, of deductions from it that. 
the same alloy, and especially where the 
proportion of copper is great, may give 
very different figures, when tested, ac- 
cording as it is more or less affected 
by the many circumstances that influ- 
ence the value of all brass-foundry 
products. 

“Some of the variations in the model 
are probably due to such accidental cir- 
cumstances, and quality shown by any 
individual alloy is representative of a 
mean which the writer was often com- 
pelled to deduce from observations which 
were quite discrepant. But allowing for 
all such minor variations, it is evident at 















tainable by mixture of the three constitu- a glance that the alloys of maximum 
ents, and a map exhibiting lines of equal | strength are grouped, as shown in Figs. 
tenacity as derived by admeasurements | 3 and 4, about a point not far from cop- 
of this model was also introduced as pre- | per= 55, zinc=43, tin=2. This point is 
senting the tenacity of the alloys with|encircled in the map, Fig. 3, by the 
greater exactness. This map is here|line marked 65,000 pounds per square 
reproduced with some modifications | inch (4,570 kilogs. per sq. cm.) tenacity, 
(Fig. 1) which are demanded in further | and is represented on the model by the 
study of the characteristics of these al-| peak of the mountain seen at the fartnest 
loys. It was remarked in the earlier | side—the copper zinc side as drawn. 
paper: “ This is obviously the strongest of all 
“These alloys were purposely made bronzes, and an alloy of this composi- 
precisely as the brass founder is accus- tion, if exactly proportioned, well melted, 
tomed to make them, without other pre- perfectly fluxed, and so poured as to pro- 
cautions than those observed by every duce sound and pure metallic alloy, with 





good founder, and without using any of | 
the deoxidizing fluxes—as phosphorus— | 
that would have been experimented with | 


later. The intention was to make this 
first survey of the field rapidly, inexpens- 
ively, and in sucha manner as to give 


a good idea of the best way to pursue | 


the later and much more exact research, 
while giving the founder a good idea of 
the nature of the metals that he turns 
out in every day work. 

“The data obtained were consequently 
exceedingly variable, and the results of 
this work indicated as one, and not the 





* “The 
Soc. C. E 


Strongest of the Bronzes.” Trans. Am. 
. No. CCXIV.: Vol. X.; Jan., 1881 





such prompt cooling as shall prevent. 
liquidation, is the strongest bronze that 
man can make.” 

This alloy and the “Tobin alloy ”"— 
‘copper, 58.22; tin, 2.30; zine, 39.48— 
were described as good working metals, 
having toughness and some ductility as 
well as great strength, and the latter as 
being capable of great improvement by 
skillful working either hot or cold, and 
thus of attaining a tenacity of over 
100,000 pounds per square inch (7,311 
kilogs. per sq. cm.). Following the ine- 
| qualities exhibited by the map, the writer 
called attention to the fact that a line of 
| Maximum elevation crosses the field from 
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about: copper, 50; zinc, 50; to copper, 
85 ; tin, 15; is included in a band bound- 
ed by the formulas: M=Z+4t=50, and 
M=Z+3t=55, in which Z is the per- 
centage of zine present in any triple 
alloy of that series, and T is the per- 
centage of tin. It was stated that along 
this maximum line the tenacities of the 
alloys should be at least T,,=40,000 + 
5002 in pounds on the square inch, or 

=2,812+35.152 in kilograms on the 








square centimeter. Thus taking the last 
line which contains the strongest but! 





The alloy: cu. 60 ; zn. 5; sn. 16 ; should 

have at least the strength '\ad 

Tn=40,000 + (500 x 5)=42,500 Ibs. [per 
sq. in. 

T'm=2,812 + (35.15 x 5) =2,988 kgs. per 


8q. cm. 
while the alloy z, 50; sn. 2; cu, 48; 
should give, as a minimum per specifica- 
tion : 

Tn =40,000 + (500 x 50)=65,000 Ibs. per bs. per 


8q. in 
T'n=2, 815 + (35.15 x 50) =4,570 kgs. per 
sq. cm. 
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least ductile compositions, we find the) 
following tenacities: 


“These are rough working formulas 


that, while often departed from in fact, 


The alloy z=1, t=18 will also contain |and while purely empirical, may prove of 


copper=100—19=81 and this alloy cu. | 
81, zn. 1, sn. 18 should havea tenacity of | 
at least 

Te. 


8q. I 
T’n=2,812 +.(35.15X1) = 2,847 kgs. per | 
8q. cm. 


real value in framing specifications. 
formula for the value of T,, fails with 
alloys containing less than 1 per cent. 
=40 gga 40,500 Ibs. per| | tin, as the strength then rapidly falls to 
|= 0.” 


alloys of maximum tendency for all pur- 


The 


The writer does not recommend these 
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poses of construction, as many of them, 
especially those near the tin sides, are 
too deficient in ductility and resilience to 
be safely used where likely to be exposed 
to severe shock. Where the composi- 
tion is that of brass, rather than bronze, 
this line of alloys exhibits more tough- 
ness. The alloys—copper, 55; tin, 2; 
zine, 43 ; and copper, 55, tin, 0.5;* zine, 
44.5—were quite excellent in this par- 
ticular. Tin reduces ductility more 
rapidly than does zinc. Alloys on the 
copper side of z+ 4t=40 are all tough 
metals. The copper tin alloys or 
bronzes, as was stated, should have a 
tenacity of at least: 7Zt=30,000 + 1,000¢ 
where containing not more than 15 a 
cent. tin, or in metric measure, 7*t= 
2,109 + 70.3¢, while the brasses or copper- 
zinc alloys up to 50 per cent. zinc should 
have a strength, in British and metric 
nnits respectively, of 7?=30,000 + 500z 
and 7"'z=2,109 + 35.152. Thus gun 
bronze can be given about 30,000+ 
(1,000 x 10)=40,000 lbs. per square 
inch if well made. In metric measures, 
2,109 + 703=2,812 kilogs. per sq. ecm. 
Copper, 70; zinc, 30, should have a 
tenacity of 30,000 + (500 x 30)=45,000 
Ibs. on -the square inch, or 2,109 + 
(35.15 x 30) = 3,165 kilogs. per square 
centimeter. Comparing the last two 
formulas for tenacity, it is seen that they 
may be combined, giving equations cover- 
ing the whole field of copper-tin-zine 
alloys useful to the engineer, thus : 


T =30,000 + 1,000¢ + 500z. 
Ta=2,109 + 70.3¢ + 35.152. 


But it must be understood that this 
approximate statement of tenacities is a 
minimum for well-made alloys, and is 
also applicable only to those containing 
a larger per centage of copper than those 
which lie along the maximum line; the 
alloys to which they apply are, however, 
the best alloys for general use. Like all 
such formulations, they must be taken 
with reserve, and as only representing 
the cases from the study of which they 
were derived. Forall ordinary purposes 


ALLoy. Trenaciry—Probable Minimum. cm. 


Cu. Zn. Sn. Lbs. per sq. in. Kgs. persq. 
100 0 0 30 000 2 109 
9 5 0 82 500 2 285 
9010 0 35 000 2 460 
85 15 0 87 500 2 636 
90 010 40 000 2 812 
95 0 5 85 000 2 460 
974 0 24 82 500 2 285 
90 5 5 37 500 2 636 
85 10 5 40 000 2 812 
75 20 5 45 000 3 163 
68 30 2 47 000 8 304 
64 35 1 48 500 3 410 
60 40 0 50 000 8 515 


The ductility of these alloys is a sub- 
ject of quite as much interest to the en- 
gineer as their strength; and in this 
quality the triple alloys are as variable 
asin every other. Referring again to 
the map, Fig. 1, it is seen that a closely 
grouped set of slightly curved and slowly 
converging lines cross it from about tin 
=25 to zinc = 55, the mean line having 
an equation, nearly 2.2¢ + zs = 55. Along 
this line the alloys have an immense ten- 
acity as exhibited by the fact that some 
of them, if not nearly all, too hard to be 
cut by steel tools, and in shaping them 
only grinding tools—either the emery 
wheel or grindstone—could be used, and 
even then with the most unsatisfactory 
results. Yet such was the brittleness of 
these metals that uo reliable test of their 
atrength could be obtained. Even the 
slow and cautious handling possible in 
the autographic machine was quite in- 
adequate to the production of regular 
and satisfactory determinations. The 
strain diagrams obtained were perfectly 
straight, and nearly vertical lines termi- 
nating suddenly when the piece snapped 
without the slightest indication of ap- 
proach to an elastic limit. They were 
apparently perfectly elastic up to the 
| point of fracture, but were so nearly 
| destitute of resilience that no use can 
| probably be made of them. Their brittle- 
‘ness was such that they would often 
break in the mould by their own contrac- 
|tion in cooling, although cast in a 
\straight bar one inch (2.5 ¢.m.) thick and 
less than 30 inches (75 ¢.m.) long. In 





of the engineer they may be used with-| some cases they were cracked by the heat 


out hesitation. 


Thus we get, for alloys of the hand, and in severa! instances 


in which z + 4t < 40, the following were broken at the end by the jar trans- 
tenacities, representing the minimum | mitted from a light blow struck at the 


that should be accepted. These figures 
may be greatly exceeded : 


other end.* 
The border lines of this valueless ter- 





* Not 2.5 as printed in earlier paper. 


* Report of United States Board. 
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ritory is shown on the map by a slightly 
curved dotted line to which a line having 
the equation 2.5¢+z=—55 is nearly tan- 
gent. The alloys lying along this line 
have nearly equal ductility, extending 
according to the measurements obtained 
by the autographic machine, about .03 of 
one per cent. 

Above this line is seen another having 
nearly the equation 4¢ + z=:50, which last 
line is that of equal} ductility for alloys 
exhibiting extensions on the strain dia- 





are best seen on the sheet of extensions, 
Fig. 25. ll alloys lying above;the line 
taken here as a boundary line give figures 
for tenacity that are usually considered 
good; they all exceed 30,000 pounds 
per square inch (2,109 kilogs. per sq. 
cm.). 

It is seen that the addition of tin and 
of zinc to cast copper increases tenacity 
at least up to a limit marked by the line 
3t+2=—55, and that the influence of tin 
is nearly twice as great as that of zinc, 























gram of 3 per cent. Still nearer the 
“ pure copper corner ” fairly representing 
alloys containing about 3}¢+z=48, and 
along which the extensions, as per strain 
diagrams were 7.3 per cent.,and another 
such line extending from the standard 
gun-metal compositions on the one side 
to the tough Muntz metal on the other 
—cu. 90; sn. 10: to cu. 55; zn. 45—of 
which the equation is nearly 4.5¢+2=45, 
represents and identifies alloys averaging 
as cast during this initial research, an 
extension of 17 per cent. These lines 





20 N 


Fig. 2. 


while the limit of useful effect is not 
reached in the latter case until the 
amount added becomes very much 
greater than with the former class—the 
copper tin alloys. 

Brasses can be obtained which are 
stronger than any bronzes, and the duc- 
tility of the working compositions of the 
former class generally greatly exceeds 
that of the latter. 

Triple alloys may be made containing 
about 4¢ + z=50, which exceed in strength 





any of the double alloys and composi- 








| 
| 
| 
| 
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tions approaching copper, 55 tin, 2 ; zinc, 
43; as the maximum of maximums, may 
be made, which are of extraordinary value 
for purposes demanding great strength, 
combined with the peculiar advantages 
offered by brass or bronze. The addition 
of one-half per cent. tin to Muntz metal 
confers vastly increased strength. So 
sensitive is zinc in the presence of tin 
that M. Bischof states that he can detect 
the addition of one part of tin in ten mil- 
lions of pure zinc. 

‘The range of useful introduction of 
tin is very much more restricted than 
with zinc; alloys containing 12 to 15 per 
per cent. are so hard and brittle as to 
but rarely find application in the arts, 
while brass, containing 40 per cent. zinc, 
is about the toughest and most generally 
useful of all the copper-zinc “ mixtures.” 
The moduli of elasticity of these alloys 
are remarkably uniform, more than one- 
half of all those here described, ranging 
closely up to fourteen millions, or one- 
half that of well-made steel wire, such as 
is used in the New York and Brooklyn 
Bridge. The moduli gradually and slowly 
increase from the beginning of the test 
to the elastic limit. 

The fracture of these alloys is always 
illustrative of their special characteris- 
tics. Those broken by tortion in the 
autographic testing machine were, if 
brittle, more or less conoidal at one side 
of the break ; ductile alloys yield in simi- 
lar circumstances by shearing in a plane 
at right angles to the axis of the test 
piece ; the former resemble cast iron and 
the latter have the fracture of wrought 
iron. Every shade of gradation in this 
respect is exhibited by an observable 
modification of the surface of fracture, 
varying from that characteristic of ex- 
treme rigidity and brittleness, through 
an interesting variety of intermediate 
and compound forms to that seen in 
fracture of the most ductile metals. 

Notwithstanding the fact that the de- 
mise of the United States Board left 
this investigation in a sadly incomplete 
state, it will probably become evident to 
those who may obtain the report that at 
least a beginning has been made and the 
field fairly reconnoitered,leaving to some 
future investigator a prospect of imme- 





extended survey. While studying the 
figures here given, and especially those 
reported by the United States Board, it 
must not be forgotten that the tenacities 
and even the ductilities given are far 
within the best attainable figures where 
they relate to the most valuable working 
bronzes and brasses. These figures rep- 
resent the result of ordinary, every day 
founders’ work, and metals rich in cop- 
per made, as were these, with no greater 
precaution against oxidation and liquida- 
tion than is usual in brass foundries, may 
be vastly improved by the special treat- 
ment suggested in the preceding paper, 
by using pure ingot metals, fluxing care- 
fully, as with phosphorus or manganese, 
casting in chills, rapid cooling, and finally 
rolling or otherwise compressing either 
hot or cold. 

Unannealed copper wire is reported by 
Baudrimont* as having a tenacity of 
about 45,000 pounds per square inch 
(3,163 kilogs. per sq. c. m.), and Kirkaldy 
reports 28.2 tons per square inch (63,168 
pounds per square inch; 4,440 kilogs. 
per square c. m.), the wires having diam- 
eters of 0.0177 and 0.064 inches (0.044 
and 0.165 c, m.) respectively. 

It can hardly be doubted that a way 
may yet be found to secure equal purity, 
homogeneousness, and density in cast 
copper, and such metal should then pos- 
sess equal tenacity and toughness with 
rolled metal. Gun-bronze, which ordi- 
narily has a tenacity of about 35,000 
pounds per square inch (2,460 kilogs. 
per sq. c. m.) has been made at the Wash- 
ington Navy Yard, by skillful mixture, 
melting and pouring, to attain a tenacity 
of above 60,000 pounds (4,218 kilogs.). 

The effect of thorough fluxing with 
deoxidizing substances is so important 
that no founder can safely neglect it. 

Bronzes fluxed with phosphorus, ar- 
senic, and manganese have been given 
fifty per cent. higher tenacity than the 
ordinary unfluxed alloy, and the addition 
of alittle iron, asin the so-called “ sterro- 
metal” of the Baron de Rosthorn, andin 
Parson's “ Manganese Bronze,” has still 
further strengthened the copper-tin-zine 
alloys. 

Attention has been called in the pre- 
ceding paper to the value of gold rolling, 


diate valuable recompense for such addi- and other mechanical treatment of the 
tionable labor as he may be able to ex- 
pend in a detailed reconnoissance or an | 





* Annales de Chimie, 1850. 
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“maximum alloys,” examined by the | modulus of elasticity, and far less trans- 
writer, and one case was cited in which | verse strength—probably in consequence 
the tenacity was increased from 66,500 | of less hardness. Adding zine until the 
pounds per square inch (4,575 kilogs. per | proportion becomes 37.5 per cent., as in 
sq.¢. m.) by rolling hot to 79,000 pounds No. 609, the tenacity rises to 48,760 
(5,553 kilogs.), and by cold rolling to| pounds per square inch (3,428 kilogs. per 
104,000 pounds (7,311 kilogs.). Dr. An-| sq. c.m.), the modulus of elasticity is in- 
derson, the Superintendent of Machinery | creased to fifteen millions, and the trans- 
of the British War Department, when | verse strength is doubled. 


associated with the writer at Vienna, 
1873, referred to experiments at Wool- 
wich, showing an increase of strength of 
sterro-metal by forging to the extent of 
25 per cent,, and by drawing cold of 40 
per cent. Brass, containing copper, 62 
to 70; zine, 38 to 30, attains a strength 
in the wire mill of 90,000 pounds per 


No. 856 is an alloy of very nearly the 
same composition, to which 23 per cent. 
tin has been added. It is seen that this 
change has produced an enormous in- 

crease of strength, bringing the tenacity 
up to 67,600 pounds per square inch 
(4,752 kilogs. per sq. ¢.m.), and while de- 
creasing the modulus of elasticity has 





square inch, and sometimes of 100,000 | greatly increased the transverse strength. 
(6,327 to 7,030 kilogs. per sq. c.m.), and | This bar was referred to in the preceding 
the time will come, we may hope, and | paper, and the records ofits test are here 


fairly expect, when these alloys may be 
made equally tenacious in the casting. 
The writer has no doubt that the meth- 
ods indicated by him as those best 
adapted to secure dense, strong and 
tough metal will yet be found capable of 
yielding ailoys, of more than double the 
strength shown here to be fairly repre- 


sentative of what is now ordinary brass | 


founder's work. It should be possible to 
secure copper-tin-zinc alloys having tena- 
cities represented by : 


Trim = 60,0002 + 1,0002 + 500 
Timm=4,218 + 70.3¢ + 35.15,, 


throughout that area on the map repre- 
senting the more useful alloys, say from 
copper, 100; to 4¢+z2=50. 
Manufacturers of special bronzes are 
already approaching this degree of excel- 
lence. The appended tables illustrate 
the method of investigation adopted in 
studying the triple alloys, and exhibit the 
behavior under test of the sample of 
“Gun Bronze, No. 1,252,” of which auto- 
graphic strain diagrams were given in the 
preceding paper on “The strongest of 
Bronzes.” This bar was made to order 
for the writer to determine the value of 
an organic material proposed as a flux; 
it had no special value, however, and 


the record is here given in illustration | 


only. 


No. 585 was asample of brass in which | 


20 per cent. zinc, takes the place of 10 
per. cent. tin in bar No. 1,252. This 
piece had very nearly the same tenacity, 


double the ductility, a slightly lower | 


also appended as exhibiting the behavior 
of this alloy during the progress of the 
tests. The extensions given are mea- 
sured in a length of five inches; they are, 
therefore, to be multiplied by 20 to ob- 
| tain the per centage of extension. This 
bar is very strong, but deficient in duc- 
‘tility. 

The transverse tests exhibits these 
characteristics with equal distinctness. 
The load carried was nearly a ton anda 
‘half, and the deflection but 2 inches 
| (5 c. m.); the modulusof elasticity slowly 
| but steadily decreased from the start. 
| Note (a) calls attention to a phenomenon 


/more than once noticed, of an increased 
|effort to decrease flexure after a short 
‘interval of rest under light load, having 


received set under heavier stress. ‘I'he 
remainder of the record illustrates the 
usual gradual increase of set under heavy 
loads. Somewhat similar behavior was 
noticed in the transverse test of No. 
1,001, an alloy of which the strain dia- 
grams from the autographic machine 
were given in the paper on the strongest 
of the bronzes. The note appended to 
the record calls attention to the singular 
recovery from set, which here amounts 
to 0.004 inches (0.01 cm.) in about 16 
hours. 

The last set of records here given are 
those of a pure bar copper, made and 
tested for the U. S. Board,* and show 
well what may be expected of good cop- 
per castings, even without special fluxing 





* See Report of 1878. 
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or other unusual treatment. This bar 
was strong, carrying nearly 30,000 
pounds per square inch (21.09 kilogs. per 
sq. cm.) in tension, but it lacked ductility, 
a consequence of the presence of copper 
oxide. 

In the working of copper in the foun- 
dry the melter is sure to meet with dif- 
ficulty from the formation of either the 
oxide or carbide. Could he secure im- 
munity from the danger of combination 
with one or the other of these elements, 
he would find innumerable uses for cast 
copper. One of the discoveries to be 
looked for, and to be hoped for, is a 
method of securing pure cast copper. 
The stronger affinities of the metal, when 
molten, make this problem a more diffi- 
cult one than that of obtaining sound 
steel castings. The transverse strength 
of the metal seemed to have been less re- 
duced by the presence of the oxide than 
was its tenacity. The fact that the bar 
could be broken at all in the transverse 
testing machine is evidence of reduction 
of ductility due to this cause. The record 
of the compression test seems to indicate 
that form of resistance due to the pres- 
ence of oxide. 

The general character and the method 
of variation of strength and ducility of 
the alloys of copper, tin, and zine are so 
well exhibited by the illustrations which 
have been presented in these papers, 
that it is the hope of the writer that no 
difficulty will be met with by the en- 
gineer in the endeavor to select the alloy 
best adapted to any specific purpose 
where such an adaptation is deter- 
mined by physical qualities alone. 
Caution must be used in selecting alloys 
where great strength is demanded, since 
a slight change of composition by the 
addition of tin or zinc may make a 
serious change in the direction of lessen- 
ed ductility and toughness. The en- 
gineer will rarely use those lying on the 
tin and zine side of the line of alloys 
having 0.07 (7 per cent.) ductility, as on 
Figs. 1 and 2. Extraordinary care must 
also be taken in making the strongest of 
these ailoys. 

Alloys to be hammered or rolled will 
be found more difficult to work as the 
per centage of tin is increased, and the 
minutest addition of tin to the brasses 
usually rolled is found to sensibly de- 
crease their manageability. 





Recorps or Tests Maps at THE STEVENS 
InstiTuTE oF TECHNOLOGY. 


Material Bronze—Copper, 89,974 per 
cent.; Tin, 9,997 per cent.; Flux, etc., 
0,029 per cent. 
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2. Recorps or Tests sy TENsIon. 
Copper. . . .89.974¢ 
Gun Bronze. 
Flux, etc.. 0.0294 Lab. No. 1252A* 





Dimensions. Load per Bree e! 


Original and Stresses. .| Square 
inal. Inch — a 
Area of , 


Extension, 


ity. 
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Original 
Section P 
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Section T 


Diameter. 
H, H’ 
Modulus et Elasticit 
Modulus of Resilience. 
WwW 


Original Length. 
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3. Recorps or Txsts By CoMPRESSION. 
Copper.... 89.9742 
GUN BRONZE. 
Flux, &c.. 0.029% Lab. No. 1252C,. 





Dimensions. | Proof load | Breaking 
— and Stresses. | per square | load per Compression. 
inal. | inch area of | square inch. 





‘ Original Original | Per ct. of 
Len tn,| Diame- Rew 
, , 3 section. Actual. original 
LL ter H,H P. T. | & 
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4. Recorps or Tests py TRANSVERSE STREss. 
DIMENSIONS 
Original and Final. 
Length. Breadth. Depth. 
Copper.... 89.9747 Gun BRoNzE. 
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EXPERIMENTS ON THE OTTO GAS ENGINE. 


By Prof. FRANCESCO SINIGAGLIA. 
From “ L’Ingegneria civile e le Arti Industriali” for Abstracts of Institution of Civil Engineers. 


This paper consists in a mathematical | combustion, for the heat conducted away 
investigation of a large number of indi-| by the products of combustion, for the 
cator diagrams, sixteen of which are re-! relation between these two last-mention- 
produced for reference. The diagrams | ed quantities, for the relation between 
are of two kinds; the first refer to the re-| the heat developed and that absorbed by 
sults obtained from the explosion of the | the water, for the heat lost by vaporiza- 
mixture of gas and ordinary air, which | tion of water and by radiation, and for 
may be called diagrams of motor power;| the proportion between the work indi- 
the second kind are obtained when the | cated by the diagrams, and that actually 
valve which admits the gasis closed, and | utilized as motor power. He finally ar- 
are called diagrams of resistance. The rives at the result that the indicated 
various stages of pressure are clearly) work, where »=170, and pm=1.590, 
represented by the diagrams, from which amounts to 0.722 HP.; the friction to 
it appears that at the end of the motor 0.283 HP.; and the effective work to 
stroke the internal pressure in the cylin-| 0.439 HP., or 60 per cent. of useful 





der‘is less than that of the atmosphere. 
The highest pressure figured on any of 
the diagrams is 7 atmospheres. The 
author remarks that the machine is liable 
to become dirty internally; and shoul 
be frequently overhauled and cleaned. 
The editor of the journal adds in a note, 
that if oil of a good quality is employed 
for lubrication it is sufficient for the 
valve to be cleaned every twelve or fif- 
teen days, and the interior of the cylinder 
once a month. From a great number of 
diagrams the author deduces the follow- 
ing formule :— 


Let A=the area of piston in square 
centimeters, which=103.81. 
C=the length of strokein meters, 
which=0.2315. 
Pm=the mean pressure, taken from 
the diagrams. 
n=the number of strokes per 
second. 


Then the work is thus represented: 
NPmAC 


2x 60 


The author proceeds to give formule, 
too complicated for abstract, for the re- 
sistance of the machines, for proportion 
between the gas consumed and the air 
admitted, for the heat produced by the 





kilogrammeters per second. 


| effect. 


| The consumption of gas per HP. indi- 
cated per hour he gives as, 


| 0.960 cubic meter 
0.734 HP 


and per HP. effective as 


0.960 cubic meter 
=2.128 cubic meters. 


=1.307 cubic meter, 











| 0.451 HP. 


| The editor adds a note to the effect 
| that a consumption of 1.200 cubic meters 
/per HP. per hour is the highest that has 
yet been determined from numerous ex- 
| periments conducted by very able engi- 
| neers for any of these engines. 
| The author concludes that the dia- 
|grams derived from his practice differ 
'from those drawn according to theory, 
those drawn according to Boyle’s law of 
/compression being 20 per cent. in excess 
|of, and those drawn according to the 
adiabatic theory being 20 per cent. less 
| than those which he has obtained. The 
cost of gas, at the price of 32 centissimi 
/per cubic meter (without allowing any- 
| thing for the hire of meter) is 3.60 lire(2s. 
104.) for a day of ten hours, which he 
| states to be much higher than that of a 
steam engine of equal pu-ver, that is to 
| say, of 0.451 effective HP. 
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A COMPOUND INTEREST CURVE. 
By FRANK D. Y. CARPENTER, C.E. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 


Att interest is the result of growth.|inch for the other, the equation for the 
If this growth is uniform, the increase line of growth by simple interest takes 
during any period of time being a con-| the form of 
stant percentage of some fixed capital, | y=azrt+hb, 
the result is simple interest. If it is|of which 4 is the principal and az is the 
constantly increasing in rapidity, its) accumulated interest. But the above is 
amount during any differential of time|the equation of the straight line, which 
being a constant percentage of the accu-| is, therefore, the representative of growth 
mulated principal and increment at the| by simple interest, a fact which is self- 
beginning of this period, the result is|evident when we consider that in this 
compound interest. | process equal increments to x, the time, 

As far as organic growth can be said | are always accompanied by equal incre- 
to obey any regular law, a human being! ments to y, the amount. To draw this 
or a tree increases in stature by simple | line it is only necessary to find two points 
interest, but in girth by compound in-| in the same—that is, the amount of prin- 


terest, since the layer of fiber or tissue cipal and interest at any two dates, and 


added to the trunk, during any interval, | they will determine its position. 
must be sufficient to inclose all preceding; In all of the practical operations into 
envelopes, and therefore be larger than | which the computation of compound in- 
the largest of them. The depth of terest enters, the interest is compounded 
snow during a storm increases by simple with the principal at stated intervals, the 
interest; the size of a ball of the same|same rate of interest being applied to 
rolled along the ground by the school-| the increased principal at the end of each 
boy. or dashing down the mountain side of these periods of time. Thus for equal 
until it becomes an avalanche, grows by | increments to 2, the time, there are con- 
compound interest. Supposing the na-|stantly increasing increments to y, the 
tions of the world to remain in a normal | amount, and the course of the culminat- 
condition as regards health, peace, gov-| ing point is a broken line, of which the 
ernment and prosperity, and our supply sections make larger and larger angles 
of vacant land to continue unstinted, our | with the axis of abscissas as the time in- 
population will increase through immi-|creases. In order to draw this broken 
gration by simple interest, and through line it is necessary to compute the ordi- 
reproduction by compound interest. nate, that is, the amount, as often as the 
This and any other growth may be interest is compounded with the princi- 
represented graphically by the line which pal, which, in financial transactions, may 
would be described by the culminating be annually, semi-annually or quarterly. 
point of the growing substance and re- Natural growth, however, does not 
ferred to rectangular axes of co-ordi-| proceed in this broken and angular 
nates. That component of its progress manner. In natural growth the inter- 
which lies along the axis of abscissas will est is compounded and a new principal 
be a measure of the time considered, is assumed at the end of each infinitesi- 
while the intercepted portion of the axis mal of time, and the broken line melts 
of ordinates will represent the amount) into a curve. To complete all of the 
of principal and interest at any given| ordinates of this line, as of any other 
date. Thus time and matter are given in | curve, would be literally an infinite work. 
terms of the same linear measurement. Therefore, to describe this curve of 
By assigning to them arbitrary values at| growth, or compound-interest curve, we 
will, such as one year to the inch for one | first find a convenient number of points 
axis, and a thousand dollars, or one hun- | lying therein, and through them trace the 
dred feet, or one million people to the| approximate course of the line desired. 
Vor. XXV.—No. 5—27. 
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But as natural growth does not proceed 
in compliance with the terms of any hu- 
man contract, and we have no means of 
knowing in advance what will be its rate 
of increase for each year, day, minute or 
infinitesimal of time, and what will be the 
successive values of the growing quantity 
at the expiration of these periods, we can 
only treat this subject retrospectively, 
and interpolate between two values of 
the growing substance as found by meas- 
urement at the beginning and end of a 
completed cycle of time. To effect this 
interpolation it has usually been the cus- 
tom to assume that successive values 
have constituted a series of which the 
second differences were equal and the 
third differences were, therefore, zero; 
but this is never true for any growth by 
compound interest, in which, however 
continued, no order of differences will 
disappear. It is now desired to find 
some method of interpolation which will 
give correct results, assuming that the 
growth has been in conformity with some 
regular law of compound interest, this 
being the only theory admissible. 

Let B= the first principal, the meas- 
ured value at the beginning of the cycle. 

Let A= the final amount, the measured 
value at the end of the cycle considered. 

Let n= the number of equal periods 
into which the cycle is divided, at the 
end of each of which the interest is com- 
pounded with the principal. 

Let p= the number of these periods, 
at the end of which it is desired to find 
the amount. 

Let y= the desired amount. 

Let x= the rate per cent. of gain for 
each period considered. 

As in each of these periods the princi- 
pal, as it was at the beginning of this in- 
terval, is increased by a certain fraction of 
itself, we have the following continued 
proportion: the first principal is to the 
second or first amount, as this second is 
to the third, as the third is to the fourth, 


ete. That is, 
5B: B+ oo B B(1+ 13a) 


x aa 
:B(1+ 355) :: 


a n—-1 a \n 
:B(1+ 359) : B(L+ 55) 





B B(i+ -”.)"=A 
= ( * ia) ” 
a\? A 
whence (1+ in) = 5 
2 A\1 
and 1+35=(5)e oo & * (1) 


In the same manner it may be demon- 
strated that 


a \P 
B(1+ i00) = 
«yy 
(1+ 100) = B 
x y\1l 
and 1+ i007 (3) De 
Therefore, 


log. y—log. B=£. log. (=) 
pP 
ve 
Whence y is readily found. 

A convenient subject to which to apply 
this formula is the increase of the popu- 
lation of the United States for the cycle 
of ten years between the census of 1870 
and that of 1880. To avoid too great 
complication in the problem it will be 
necessary to neglect the irregularity of 
increase resulting from varying immigra- 
tion and other abnormal influences, and to 
assume that our gain in numbers has been 
a steady growth by compound interest. 

The population of the United States, 
June 1, 1870, was 38,558,371; on June 
1, 1880, 50,152,866 ; increase, 11,594,495. 
Theoretically there have been 11,594,495 
equal increments to the population, 
added at intervals of a little less than 
half a minute, but which intervals have 
been constantly growing smaller as the 
population has increased. The interest 
has been compounded with the principal 
11,594,495 times, and the line of growth, 
being broken by so great a number of 
sections and angles, is practically a curve 
and will be treated as such. Since it is 
manifestly impossible to compute the 
total 11,594,595 ordinates which deter- 


log. y=log. B+ -.- @ 








A COMPOUND INTEREST CURVE. 





mine the position of this broken line, a 
smaller number will have to suffice. Let 
us derive the values of the ordinates of | 
the intervening curve of growth for each | 
year of the decade between 1870 and 
1880. Then, the curve having been de- | 
scribed with their aid, any intermediate | 
value of the ordinate may be taken di-| 
rectly from the drawing by erecting a/| 


perpendicular at that point of the axis of |‘. 


abscissas corresponding to any desired | 
date in the decade. Or the value of this | 
ordinate, or population, may be computed | 
more accurately, as will hereafter be illus- | 
trated. 

To find, then, for example, the popu: | 
lation of the United States, June 1, 1873: 

Here B=38,558,371, the initial popu- | 
lation of the cycle. 

A=50,152,866, the final population. 

n=10, the number of equal periods | 
into which the cycle is divided. 

p=3, the number of these periods em- 
braced. 

Supplying these values in equation 
(2), we have 

log. y=7.6203718, 
y = 41,722,640. 

In this manner the following table has | 
been prepared, showing the theoretical 
increase of the population of the United 
States from June 1, 1870, to June 1, 
1880 : 





Date. Population. Remarks. 

June 1, 1870....| 38,558,371 Enumerated. 

*€ 1, 1871....) 39,585,530 Computed. 

** 1, 1872....| 40,640,040 ” 

“* 1, 1878....| 41,722,640 ” 

‘* 1, 1874....' 42,834,090 - 

** 1, 1875.....! 48,975,140 | os 

“ 1, 1876....| 45,146,580 | si 

“* 1, 1877...) 46,349,240 | “ 

‘© 1, 1878....| 47,583,930 | - 

“1, 1879....| 48,851,510 - 

* 1, 1880....) 50,152,866 Enumerated. 


| 


To find, by the formula, the population 
for the intermediate date of April 1, 
1873: 

A=50,152,866, 
B=38,558,371, 

n=120, the number of months in the 
cycle of ten years. 

p34, the number of months from 
June 1, 1870, to April 1, 1873. 

Whence y=41,540,220. 

To find the population for the inter- 

mediate date of July 4, 1876: 
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A=50,152,866, 
B=38,558,371. 

n=3653, the number of days in the 
cycle of ten years. 

p=2226, the number of days from 
June 1, 1870, to July 4, 1876. 

Whence y =45,257,830. 

By the aid of this formula the statisti- 
cian, with the necessary time and inclina- 
tion, can construct a curved line which 
will represent the growth of our popula- 
tion from the date of the first census in 
1790, to the last in 1880. The enumer- 
ated values for the several decades will 
furnish ordinates which the curve of 
growth must imperatively touch. Be- 


|tween these positive values the formula 


will give intermediate ordinates which 
will locate the intervening theoretical 
curve of increase. This ideal curve may 
then be used as a guide line, in the neigh- 


‘borhood of which the historian, having 


in view the vicissitudes which have in- 


fluenced the growth of population, may 
|draw an approximately true line of in- 
| crease. 
depart widely from the horizontal during 


For instance, this curve will not 


the period of our civil war, when death 
almost kept pace with birth; it will re- 
ceive an upward impulse in those years 
in which our immigration is greatest, and 
also in the spring-time of each year, 
owing to the excessive influx of immi- 
grants at that time; and it will ascend 
less rapidly than the normal curve in 
those seasons in which mortality is great- 
est, and especially in those years when 
we have been visited by pestilence. In 
short, it will be the barometric curve of 
the nation’s prosperity. 

The decennial rate of increase of our 
population for the last decade has been 

6998 


30 100,000 per cent. 
From equation (1), 
1+2le\ 
100— ( B ) wed 
and its sequel, 
x 1 A 
we derive the annual rate of increase, 
66388 


x, which is 2 or about 2% per cent. 


100000 
If any one wishes to indulge in the pre- 
carious pastime of guessing at the future, 
and if he is satisfied to predict a corre- 
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sponding rate of interest for the present, This forecasting of the population, 
decade, he will find the annual series to | however, does not rise above the dignity 


run as follows: 














Date. Population. | Remarks. 

June 1, 1880... | 50,152,866 | Enumerated. 

“© 1, 1881....; 51,488,880 Computed. 

“ 1, 1882....| 52,860,480 ae 

“1, 1883....| 54,268,630 | - 

** 1, 1884....| 55,714,280 | ae 

** 1, 1885....| 57,198,450 | “ 

* 1, 1886....{ 58,722,150 | “ 

** 1, 1887....) 60,286,440 | we 

** 1, 1888....| 61,892,400 | es 

* 1, 1889....| 63,541,160 | “ 

“© 1, 1890....| 65,233,820 ee 


of scientific fortune-telling, and it rarely 


‘fails to bring the fortune-teller to grief. 


Instead of an increase of but 30 per 
cent. in this decade, the present tide of 
prosperity may continue and carry us 
forward 35,%, per cent., as in the ten 
years from 1850 to 1860, and give us a 
total of 68,000,000 in 1890; or some un- 
expected evil may befall us and retard 
our growth to 22,5, per cent., as in the 
decade of the rebellion, in which case our 
population at the next enumeration will 
be but 61,500,000. Time alone can 
tell. 





THE SANITARY 


AND CONSTRUCTIVE SUPERVISION 


OF DWELLINGS.* 


By LEWIS ANGELL, M. Inst. C. E. 


Tuat “An Englishman's house is his 
castle” is a fondly-cherished tradition. 
Be the Castle one of Indolence, Igno- 
rance, Dirt, or Disease, who dare invade 
it? Buta castle means isolation, a sep- 
aration of neighbors by walls and en- 
trenchments: and so long as the lord 
thereof and his retainers remain within 
the keep, their doings do not concern the 
outer world. Butif the garrison sallies 
forth, committing devastation, are not 
the attacked justified in invading the 
castle? “Self-preservation is the first 
law of nature;” and if sanitary science, 


unknown to our medizval ancestors, has 
‘guineas from 10,000 houses, independ- 


taught the modern Englishman that the 
safety of his own well-ordered castle is 
dependent upon his neighbor's being also 
set in order, surely the most radical op 
ponent of paternal government will con- 
cede that freedom must be qualified by 
the moral and physical rights of our 
neighbor. One of the earliest applica- 
tions of this principle of compulsory san- 
itation was in the Vaccination Acts. Leg- 
islation also prohibits the exposure of 
infected persons and clothing. More 
recently the principle has been extended 
by local Acts requiring that the various 
kinds of infectious disease shall be re- 
ported to the medical officer of health. 


*Read before the Association of Municipal and 
Sanitary Engineers and Surveyors at Birmingham, 
on July 8. 


The extension of sanitary supervision to 
dwellings is therefore not only in harmo- 
ny with established principles, and pre- 
cedents, but is, in fact, a demand which 
has found expression in the recent estab- 
lishment of societies in London and 
Edinburgh for sanitary inspection on co- 
operative principles. The latest de- 
velopment of the movement is the “* Lon- 
don Sanitary Company,” an association 
of eminent sanitarians who propose to 
combine philanthropic principles (limited) 
with the business of a big plumber. The 
company contemplates, as a “moderate 
estimate,” an annual receipt of 10,000 


ently of ‘entrance fees” and the profits 
from plumbing. The skilled advice of 
the highest medical and sanitary authori- 
ties will be secured, surveys and reports 
made by “an efficient inspecting satff 
acting under the direction of the compa- 
ny’s engineers.” The company will put 
dwelling houses in a perfectly sanitary 
condition, filter water, cleanse cisterns, 
prevent boiler explosions—in fact, sani- 
tary repairs of all kinds will be “ neatly 
executed at the shortest notice.” A div- 
idend of 20 per cent. is suggested by the 
prospectus, and 7} per cent. guaranteed 
by the plumber whose business has been 
acquired by the company as a “going 
concern,” and whose services the com- 
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pany have been fortunate enough to se- | ing at the rate of about 2,300 per annum, 


cure as “managing director.” 


It is to | equivalent to a new street of nearly 200 


be regretted that the aspirations of the| houses per month. These buildings re- 


company should stop short in so great a| quire supervision. 


work. Surely ratepayers would not ob- 


ject if the company would also take over the metropolis, a fact which induces the 


local boards as a “going concern,” and 
guarantee a dividend, however small. A 
guinea rate per house per annum, officially 
levied by the sanitary authority, would 
very much more than maintain an effi- 
cient and responsible staff of sanitary 
inspectors, who would extend their pro- 


tection to the poor as well as to the well- | 


to-do subscribing shareholders, whom 
alone the “ Sanitary Company” proposes 
to benefit. The fact of the existence of 
such societies, be they due to philan- 
thropy or stock jobbing, raises a great 
question: Is such sanitary supervision 


necessary? and, if this be granted, by 


whom should it be conducted? That 


supervision is necessary will be admitted | 


by all who, like the members of this as- 
sociation, have had any official experience. 
Thousands, probably hundreds of thou- 
sands, of houses are annually put to- 
gether, we cannot say built, in such man- 
ner as to be dangerous to the lives of the 
occupants. Not only is stability disre- 
garded, but every essential principle of 
sanitation ignored ; the water pipes, the 
drain pipes, the very site frequently a 
huge dust bin, form a combination of 
contaminating influences which lower 
vitality and endanger life. This result 
is due as much to ignorance as to care- 
lessness—a concourse of fortuitous evils 
rather than a conspiracy, although one 
regrets to have to add, as the result of 


Being “over the 
|border,” we have no building fees as in 
‘speculating builders to come over. If 
only a guinea were charged on each 
building—only one guinea, not the an- 
nual guinea invited by the “sanitary 
company "—my board would, independ- 
ently of the rates, derive an income 
which would enable them to provide a 
qualified and responsible supervising 
staff not only to enforce the proper con- 
struction of new buildings, but to dis- 
cover defects in old ones. The Local 
Government Board recently issued a 
‘series of model by-laws for buildings, 
involving very much detail; the advant- 
age of their adoption was manifest, but 
adoption and observance are very differ- 
ent matters. I would have gladly urged 
their adoption by my Board had I not 
also felt there was no chance of their 
general observance over a district of 7} 
square miles with the staff I had at my 
disposal. The matter was so represented 
to the Local Government Board, and the 


| 


‘imposition of building fees urged so as 


to provide a staff to carry out the by- 
laws; the reply was a courteous prom- 
ise of consideration, but hoping, in the 
meantime, their “model” would be 
adopted. To this day the Local Govern- 


‘ment Board has done nothing to assist 


‘he 
wdopted the by-laws, for I hold it is bad 


official experience, that in too many in- | 
stances it is also the result of the most) 


wilful and wicked cupidity. As a prac- 
tical illustration I may be allowed to 
quote my own official experience. For 
more than fourteen years past I have had 
the supervision of by far the largest dis- 
trict in the country governed by a local 
board; all other places of its size, and 
very many smaller, have municipal cor- 
porations. I refer to the district of West 
Ham, in Essex, which forms part of the 
the “outer ring” of “Greater Lon- 
don.” It includes nearly 130,000 inhab- 
itants, having more than doubled during 
the last ten years. Some 14,000 houses 
have been put up during my term 
of office, and at present they are increas- 


officers, neither has my Board 
policy to enact laws which cannot be en- 
forced, which will be observed only by 
respectable and entirely disregarded by 
“jerry” builders. The infliction of pen- 
alties here and wholesale escape else- 
where is suggestive of official favoritism, 
and I maintain that we had better be 
without such minute laws than to bring 
them and the officers into disrepute and 
contempt by their habitual infraction. 
It is not, therefore, out of any want of 
appreciation or spirit of opposition that 
West Ham has not adopted the model 
laws of the Local Government Board. 
The moment the means are provided to 
maintain a staff for their observance, 
their adoption is certain. And, here in 
passing, I cannot refrain from giving 
public expression to a feeling present in 
the minds of every member of this asso- 
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ciation. As public officers, the Local 
Government Board impose their obliga- 
tions upon us, they favor us with their 
criticisms, but in no single thing do they 
either consult, assist, or protect us. 
When an epidemic breaks out, locally or 
generally, one of the first suggestions 
made by sanitary authorities and local 
newspapers, in their panic, is to institute 
a house-to-house visitation ; but, in fact, 
it is seldom attempted, and never effect- 
ually done, because it means expense, 
the ordinary staff being as utterly inade- 


quate for such extraordinary efforts as it 


generally is unequal te ordinary require- 
ments. But, whatever the extent of the 
staff, local authority has no power of in- 


spection unless there be knowledge or! 
reasonable suspicion of the existence of | 


a special nuisance. In any case, the 
power of entry can only be enforced af- 
ter compliance with certain formalities 
involving time and trouble; on the other 
hand, be the householder ever so anxious 
as to his safety, he cannot, of right, re- 
quire an official inspection of his premi- 
ses unless a nuisance is known or sus- 
pected to exist. However serious may 
be an epidemic, sanitary officers have no 
power to make house-to-house inspec 
tions. It does not appear to be unrea- 
sonable that local authorities should have 
the power, during epidemics as well as 
at all reasonable times, on reasonable 
grounds, to make house-to-house inspec- 
tion, or that the ratepayers should, at 
all times, have the right to require such 
inspection. A short amending clause in 
the Public Health Act would readily ef- 
fect all that can be reasonably expected. 
But to give effect to such power and 
satisfy the periodical demand, would im- 
pose on the local authorities the obliga- 
tion of employing a sufficient staff of 
qualified engineering and sanitary offi- 
cers. At present, at the best, sanitary 
inspection is not exercised in any sort of 
systematic manner—houses are built and 
drains are laid, especially, as has been 
said, in the suburbs of London, practi- 
cally without effective supervision; and 
why? Not for want of power, but be- 
cause of the paucity of the engineering 
and sanitary staff. The public are not 
sufficiently educated in the importance 
of sanitary principles to induce them to 
consent to the payment of the necessary 
staff out of the rates; but, asalready shown, 


‘there is an equitable way by which rate- 
payers may be relieved of rates and rec- 
onciled to the existence of officials—viz., 
by putting the burden on the right 
shoulders and imposing fees upon the 
chief offenders against sanitary laws— 
those who build houses and derive profit 
therefrom. Such fees would, of course, 
go to the local authority, and not, as in 
London, to the district surveyor. Some 
years ago local by-laws required a certifi- 
cate to be given before any new house 
was occupied, but the clause has been 
expunged by the Local Government as 
ultra vires. If fees are imposed by leg- 
islation, it should also be enacted that 
an official certificate should be granted 
on the satisfactory completion of a 
dwelling house. Such a_ certificate 
would be of real value, inasmuch as no 
one need then occupy a new house with- 
out its production. Sanitation wovld 
| thus become a real increment of value in 
/house property. Impressed with these 
views, I have, for years past, urged them, 
in season and out of season, long before 
the conception of the new limited sanitary 
quasi philanthropic companies. Some six- 
teen or seventeen years ago I joined ina 
‘memorial to the Home Secretary to ena- 
ble local authorities to provide by fees 
‘for the proper supervision of buildings. 
A few years later I wrote to Mr. Glad- 
stone on the subject, and he courteously 
promised to forward my letter to the 
|proper department. For years past I 
have urged my own board and others to 
obtain Parliamentary powers to charge 
fees, and last year such a clause was in- 
cluded in a bill promoted by the West 
Ham local board. Theré was no oppo- 
sition, local or otherwise; the Local 
Government Board not only did not ob- 
ject, but officially recorded its opinion 
‘that the circumstances of our case were 
so exceptional as to justify the applica- 
tion. ‘lhe metropolis has long had such 
powers ; Bristol has for forty years; even 
the little town of Eastbourne has such 
_powers. With these precedents, and 
|such exceptional reasons, a committee of 
the House of Commons expressed. its 
| willingness to hear our case, and waited 
for our evidence; but a power greater 
than Parliament, an imperium in impe- 
| rio, put a veto on our clauses, and ruth- 
lessly struck them out; this omnipotent 
|power, Lord Redesdale, totally ignorant 











of the place and the circumstances, is 
governed by the abstract idea that pow- 
ers outside the Public Health Act should 
not be given to local authorities, totally 
disregarding the fact that every session 
exceptional powers are given to local au- 
thorities throughout the country in ac- 
cordance with their varying necessities. 
No less than fourteen towns have recently 
obtained independent and varying local 
Acts for the report and registration of 
infectious diseases, such as smallpox, 
typhus, scarlet fever, &. Why, in the 
name of all that is “abstract,” should 
these fourteen towns be granted such 


exceptional powers not included in a) 
general Act, applicable to all towns?) 


Why should Eastbourne in 1879 obtain 


the powers which are refused to West | 


Ham in 1881? Because, replies my 
Lord Redesdale, “ exceptional circum- 
stances” exist at Eastbourne. LEast- 
bourne being a pleasant resting place 
from Saturday to Monday, I took the 
opportunity of investigating the “ ex- 
ceptional circumstance.” A large part 
of the town is owned by the Duke of 
Devonshire, the very streets are called 
“ Hartington,” “Cavendish,” and other 
of the family names. 
agent isa leading member of the Local 
Board, and, whether or not he will ac- 
knowledge the soft impeachment, has 
the credit of obtaining the recognition 
of the “exceptional circumstances ” ap- 
plying to the pretty houses of ducal 
Eastbourne and those who dwell therein 
during “the season.” That any circum. 
stances exists, “exceptional” or other- 
wise, in Eastbourne which has not ten- 
fold force in West Ham is distinctly 
challenged. In short, the few hundreds 
of the upper and middle classes who 


visit the toy-like town of Eastbourne are. 


to be more exceptionally protected in 
their temporary dwellings than the thou- 
sands of toiling factory artisans who are 
compelled to live all the year round on 
the Essex marshes. 
is not to discuss the wrongs of my own 
district, but to illustrate, by a typical 
case, the difficulty local authorities have 


to encounter in an honest and reasona- | 


ble endeavor to cope with a great evil 
and promote sanitary well being. Here 
is a case in which an efficient supervision 
of the operations of building societies, 
speculating builders, and their accessory 
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works requires an addition of some half- 
dozen inspectors to the local staff. “Pay 
them out of rates,” say abstract legisla- 
tors, “it is a municipal obligation ;” but 
we municipal engineers and surveyors 
know too well the difficulty of obtaining 
decent payment for our own services to 
expect a sufficient assistant staff. Large 
towns like Liverpool, Manchester, Bir- 
mingham, or Leeds, may provide the 
necessary staff ungrudgingly, but it is 
not so everywhere. And why should 
such burdens be laid on the rates? Es- 
tate owners and builders are working for 
‘their own interests, many making large 
fortunes. Why, therefore, should they 
not contribute a fee, small in itself, but 
large in the aggregate, to provide the 
supervising staff, which their pursuit of 
fortune necessitates? Because, we are 
| told, they already adding to the rateable 
'value of the town; if so, they also re- 
ceive, in common with others, the full 
value for their rates ; but, as a matter of 
fact, such increase of buildings does not 
lessen the general rates, inasmuch as it 
involves a proportionate increase in the 
maintenance of roads, sewers, lighting, 
scavenging, police, &c., not to mention 
the school board and poor rates gener- 
ally attending on the increase of a pop- 
ulation. While abstract legislators, de- 
void of practical knowledge, are specu- 
lating, speculating builders are working ; 
thousands of houses have been put up, 
and thousands more will follow before 
there will be any efficient control under 
a “general” Act. Imperial Parliament 
has no time for such trivial local matters. 
Surely there is as much necessity for 
‘Home Rule” in England as in Ireland. 
Perhaps some of the members of this 
association will not assent to the full ex- 
tent of my assertions. It is obviously 
| derogatory alike to our pride and our 
efficiency as public officers to admit it; 
but I unhesitatingly assert, as the result 
of a long and varied private and official 
experience, that, however good our local 
by-laws, and however anxious and capa- 
bie our local officers, as a matter of fact, 
there is no large town in Great Britain 
where, in its true meaning, sanitary su- 
'pervision is efficient. Having quoted 
my official experience, I will crave a like 
indulgence in my private capacity in il- 
lustration of the defects of old houses. 
‘I have just entered a new residence; the 
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house is not new, but a good, substan- 
tial, well-built family dwelling of the last 
generation. In it there are as many as 
four cisterns; in that from which the 
drinking water is drawn sewer gas was 
“laid on” by no less than three “ servi- 
ces” or direct connections with the 
house drains—viz., two flushing pipes to 
water closets and an untrapped overflow 
into the drain; each of the three pipes 
supplied sewer gas for absorption by the 
potable water; another cistern had two 
connections with the drain—a closet 
flush and an overflow pipe; a third cis- 
tern was also connected with the house 
drain by an untrapped overflow pipe; 
but, curiously enough, the fourth cistern, 
not intended for the supply of drinking 
water, was the only one unconnected with 
the drains. There were also two sinks 
in communication with the drains. In 
fact, within the house there were no less 
than nine drain connections with sinks 
and cisterns, exclusive of water closets. 
All this was altered at considerable 
trouble and cost, much greater than if 
correctly done at first. No sewer gas 
can now enter the house or contaminate 
the water. The new arrangements were 
regarded as “fussy,” and sarcastically 
described as “very scientific,” and as a 
further comment upon the sanitary theo- 
ries thus practically asserted was quoted 
the fact, which is undoubtedly true, that in 
the same house the preceding family had 
for very many years lived very healthy 
lives. The obvious reply is that, ac- 
cording to all the laws of sanitary 
science, the inmates of such a house 
ought to be ill; under such conditions 
escape must be due either to the “ survi- 
val of the fittest,” that is, the inherent 
resistance of robust constitutions, or to 
the protection of a special Providence 
which cannot be tempted with impunity, 
for those who know the law and disre- 
gard it may expect and deserve “to be 
beaten with many stripes.” Let me 
quote another case or two. In the civic 
palace of the Lord Mayor of London, 
3in. of floating fungi scrub was recently 
found on the surface, and Zin. of mud at 
the bottom of the cisterns, while a bottle 
of water on his lordship’s table contained 
hundreds of nematoid worms. Nor is 
the West end of London better than the 
City, for in the cistern of the Atheneum 
Club, St. James’s, was found a large 





quantity of offensive mud and animal 
organisms. The discoveries as to the 
insanitary condition of the Government 
offices are only too notorious. In poor 
neighborhoods and small houses, the 
water butts and cisterns, especially in 
London, are situated in close courts and 
contiguous to every kind of filth; gen- 
erally placed over the water closet, near 
a sink and dust bin, untrapped pipes 
communicate directly from the cistern to 
the soil drains. They are frequently un- 
covered, consequently the water absorbs 
the impurities of the surrounding at- 
mosphere; they are not cleaned out 
from one year’s end to another, so that 
they accumulate mud and slimy vegeta- 
tion. But it is unnecessary to multiply 
instances, or enlarge on the existence of 
evils so well known to us sanitary offi- 
cers. Toacondition of things such as 
above described, in houses new and old, 
is undoubtedly due the lassitude, the ill- 
ness and the death of thousands whose 
inherent power of resistance is unequal 
to the fight. Those who are subject to 
such influences stand very much in the 
relation of the unvaccinated to small- 
pox; they may escape, but the chances 
are obviously against those who neglect 
the protection so well known and so eas- 
ily attainable. I think it has been suffi- 
ciently proved that sanitary supervision 
is needed in our dwellings, and that it is 
equally obvious the work should be a 
public and an official one, and not under- 
taken by amateur or stockjobbing com- 
panies whose philanthropy is confined to 
shareholders. That the work has not 
been done before is not the fault of us 
officers ; that it can be done, if paid for, 
is the very argument on which the com- 
panies are founded; but that sharehold- 
ers should be protected and the poor 
neglected is a proposition too monstrous 
to be discussed. Sanitary protection is 
the legal right of all without subscrip- 
tion or “entrance fee” beyond the ob- 
ligatory general charge of rates. We 
have seen how means can be provided 
without increasing the rates by charging 
the costs on those who can and should 
provide them. Surely fees are sufficient- 
ly recognized in England; from a rail- 
way station to a Government office, can 
any information be obtained or act done 
without a fee? Whya fee should be im- 
posed on every new house in London, 
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Bristol, and even little Eastbourne with |“ Prevention is better than cure,” that it 
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admitted advantage, but no other town is very much cheaper to employ a few 
should share in such an advantage, is in- inspectors than to pay the rates conse- 


explicable, unless it be to leave an open- 
ing for a new development of commer- 
cial enterprise in the formation of Sani- 
tary Protective Associations (limited). 
It is true that an Englishman does not 
like officialism, We know, by experience, 
that it is in his nature to put himself in 
a fighting attitude towards officials ; but 
if we must needs have officers, it is bet- 
ter to have the responsible officer of a 
legally constituted and recognized au- 
thority, than irresponsible employes of a 
limited liability company. It is a dis- 
grace to our legislation that in England, 
the cradle of sanitary science, there is 
room for such companies. We read in 


‘the cost of such supervision. 


the Sanitary Engineer of New York: 


“Chicago has found the results of her 
system of factory inspection so benefi- 
cial that she is now applying it to tene- 
ment houses. Six inspectors are now 
making a critical inspection of the tene- 
ments, and will continue it until the 
7,000 tenements which, according to the 
Chicago Times, there are in that city, 
shall have been examined. The Zimes 
says that the work has now been reduced 
to a system, and complete records are 
kept of all work done. These records 


consist of date, location, ward, district, | 


name of owner or agent, description of | 
building, number of rooms, number of | 
families, with the number of persons in | 


each, sanitary condition of the building, 


action taken in abating nuisances found, 
and explanatory remarks. Each inspec- 
tor is provided with blanks, which he 
fills out at the close of each day’s work. 
His report describes the condition of the 
plumbing, drainage, the local sanitary 
condition, and notes any violations of 
the city ordinances. 
found about premises which i detrimen- 


tal to health, a notice is served on the 
people, like ourselves, take the trouble 


owner or agent, who is required to com- 
ply with the ordinances of the city re- 
lating to the abatement of nuisances.” 
Wealso read that in New York and other 
States household plumbing is placed un- 
der official inspection. This is the out- 
come of more advanced public opinion 
in America. I have already hinted that 
the British ratepayer is not yet suffi- 
ciently educated in sanitary principles ; 
he does not yet appreciate the maxim that 


est. 
In case anything is | 


quent upon preventible disease and the 
untimely death of the humble bread win- 
ner. I therefore submit the following 
propositions: That a more efficient and 
extended supervision of the sanitary and 
constructive details of all dwellings is 
necessary. That such supervision should 
be conducted by the responsible officers 
of the local sanitary authority. That it 
is just and expedient that fees be im- 
posed on all new buildings, to provide 
In conelu- 
sion, we must hope more from education 
that officialism. If sanitary science were 
studied in our schools, and our youth 
taught to avoid vitiated air as they would 
false quantities; if elementary hygiene 
were recognized as equal in importance 
with simple equations, many a good and 
useful life would have been saved for the 
commonwealth. But now, in the selec- 
tion of a house, more attention is given 
toa “dado,” a “cornice,” and “ ssthetic” 
ideas, than to the cistern, sink, or other 
vital conditions of health. How difficult 
even is it to obtain compliance with the 
most simple and obvious sanitary rules 
in one’s own house! For example, what- 
ever may be the radical defects of con- 
struction, sewer gas may at least be neu- 
tralized and kept out of the house by 
always keeping the closet door shut and 
the window open; but we almost invari- 
ably find the reverse rule to obtain, the 
window is shut and the door open, es- 
pecially at night, when the house is al- 


‘most hermetically sealed, and a current 


of sewer gas, induced by the warm air, 
enters our sleeping room at a time when 
our power of resistance are at their low- 
In large hotels we find at the end 
of along corridor of bedrooms a battery 
of closets with every window shut and 
every door open, unless some “ fussy” 


to reverse the arrangement by opening 
the windows and closing the doors. It is 
unnecessary to say more. The canon 
laws of house sanitation are very simple 
and easy to observe. Builders will say 
that “‘ doctors differ ;” it is not so; there 


‘is no differing upon general principles ; 


they are so well known to every member 
of this Association, that it is unneces- 


sary to state them; but for the advant- 
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age of the general public I may be ex- 
cused for repeating some of the more 
important of them. There should be no 
connection between the house and the 
sewers excepting for sewage; the soil 
pipe should not by any chance ventilate 
itself into the house; all other drains or 
pipes from cisterns, baths, lavatories, 
sinks, &c., should discharge into the 
open air; the drinking water should 
have no connection with the closet. 
These are cardinal rules, the neglect of 
which may be fatal; but nearly everyone 
can discover for himself such neglects. 
There are, of course, other matters more 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


difficult to detect. We have only stated 
principles and facts, well known to all 
sanitarians, which have been repeated over 
and over again. But sanitarians are few, 
and the population is large; the popula- 
tion is also careless, and it is not until 
an unexpected, cruel and irreparable 
death has smitten a family with deep 
affliction, that conviction is forced upon 
the survivors, and alas! when too late, 
they recognize preventible causes and 
adopt the simple precautions and pro- 
tections which, at present, are almost 
exclusively the privileges of the occu- 
pants of workhouses and jails. 





ON METERS FOR REGISTERING SMALL FLOWS OF 
W ATER.* 


By J. J. TYLOR, of London. 


From 


Tue writer proposes to commence, by a 


short account of the chief water-meters ' 


which have been used in this country, 
mainly indeed for purposes of trade sup- 
ply, but also occasionally for domestic 
supply; and also of those which are used 
on the Continent for domestic as well as 
trade supply, and which can be made 
available for England. In each case his 
special object will be to show how far the 
design is effective in the measurement of 
small flows. 

Parkinson's Meter.—This is, in fact, 
an adaptation of the gas-meter, invented 
by Mr. Parkinson, to the measurement of 
water. It was described in a paper read 
before the Institution in 1851 (Proceed- 
ings, January, 1851, p. 19). A trough, 
in which the height of the water-level is 
maintained constant, by means of a ball- 
valve, passes the water entering it from 
the main through an overflow pipe into a 
rotating drum, divided into compart- 
ments. The water enters a compartment, 
situated on one side of the vertical axis 
of the drum ; and thus the weight on one 
side being increased, the drum revolves, 
the full compartment sinks, and the water 
escapes into the case supporting the 
meter, and thence to the exit pipe. As 


the first compartment recedes another | 





*Paper read before the Institution of Mechanical 
Engineers. 


“Tron.” 


| compartment takes its place, and is filled 
and emptied in its turn. The revolu- 
tions of the measuring drum are recorded 
by a train of wheels indicating on a dial ; 
and the contents of the compartment be- 
ing known, the measure is at once given. 
The character of this meter, which is 
largely in use, necessitates its being 
placed on the highest point of the house 
service. This is an objection, both on 
account of the exposure to frost and of 
the inconvenience to the consumer, in 
the meter inspector having to pass 
through the house up to the highest 
rooms, in order to examine the meter. 
The meters are, howevér, very reliable, 
and are capable of registering a very 
small flow of water with exactness. 
Kennedy's Meter.—This meter (al- 
ready described in the Proceedings, 1856, 
p- 156), consists of a cylinder, in which a 
piston, packed with a rolling ring of in- 
dia rubber, works upwards and down- 
wards. Each stroke of the piston is 
recorded on an index by means of a rack 
on the piston-rod, driving a pinion, which 
is fixed toatumbler. This tumbler, by 
falling over its center of motion, reverses 
a four-way cock, serving as a supply and 
discharge valve. ‘These meters are ex- 
tremely reliable for any quantities passed 
by the meter, as long as the packing of 
ithe cylinder remains quite sound, and as 
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long as the ground-in four-way cock does 
not leak or jam fast. Irregularity in the 
section of the india rubber ring some- 
times causes the piston to jam or become 
tilted, so that the water may pass with- 
out registration. In one of the author's 
experiments, a meter of this type, fresh 
from the maker's hands, permitted water 
at the rate of the full bore of a 4-inch 
pipe to pass without registration, owing 
to the fact that the piston was somehow 
forced by the water past the limit of its 
stroke, and thus got out of gear. These 
meters are somewhat noisy in action ; 
and the reversal of the current at each 
stroke causes, at the higher pressures, 
considerable shocks in the mains. Dur- 
ing the reversal of the valve, water passes 
‘ without registration, though for a very 
short space of time; and, if the reversing 
balance is stiff, the meter may possibly 
stop at this point. 

Frost's Meter.—This consists of a pis- 
ton, fitted with leather buckets, working 
in a cylinder. The reciprocating motion 
of the piston is caused by a double set 
of valves, with ports similar to those of 
the st amengine. A three-port valve, 
wo1ke 1 by a cam on the piston-rod, gives 
motion to an auxiliary piston, set at right 


angles to the main cylinder, and working 
the main induction and exhaust valve, 


which is also a three-ported valve. The 
meter cylinder is lined with brass, and 
the piston has double leather buckets. 
Leather buckets are liable to stick and 
get corroded if left standing, and also 
wear faster than the rolling ring of the 
Kennedy meter. The flat three-port 
valves are also liable to wear round, and 
the mechanism is more complicated than 
Kennedy’s. The meters, however, weigh 
much less and are quieter in action, reg- 
istering with great accuracy at high and 
low velocities, as long as they are in good 
order. Frost is a dangerous enemy to 
all classes of piston meters, because, ow- 
ing to their size, they cannot be cheaply 
protected from changes of temperature ; 
and the expense of repair is great in such 
case, because the cylinder is usually the 
part which gives way. The water-power 
consumed in working these meters is 
considerable at quick speeds, as a heavy, 
tight-fitting piston has to be moved; and, 
in case no water passes through the meter 
for several weeks, the piston is apt to 
stick. These meters are also noisy in 
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action, and the flow somewhat intermit- 
tent. For these reasons they are not so 
well adapted for small flows or for do- 
mestic purposes, as inferential meters. 
Siemens Turbine Meter.—This was 
brought out in two forms, one (described 
before the Institution, Proceedings 1853, 
p. 12, and 1856, p. 113), consisting of a 
vertical Barker's mill or reaction turbine ; 
and the other of a turbine driven by 
water entering at the circumference of 
the wheel, and finding its way out at the 
center. The latter form was first tried 
in practice; and the writer has lately seen 
some of these meters, which, though use- 
less for measuring small flows of water, 
seemed to be reliable for large flows. 
Messrs. Guest and Chrimes, the makers 
of these water meters, appear to have 
definitely adapted the Reaction Turbine ; 
in which form this water meter has come 
into very extended use, both in England 
and abroad. The modified construction 
of this meter includes a reaction turbine 
rotating on a steel-shod pivot, provided 
with means of lubrication. The water 
enters at the upper part of the wheel or 
drum, which, at the point of entrance, has 
its neck suddenly contracted, so as to 
form a more or less water-tight joint, 
with the stationary neck conducting the 
water to the wheel. The water, passing 
downward to the larger and lower por- 
tion of this pear-shaped drum, makes its 
exit into the case or meter box through 
contracted tangential openings. The 
friction of the water in these openings, 
as well as the resistance of the more 
quiescent fluid in the case, causes the 
drum to revolve. Vanes, or drag-boards, 
as Dr. Siemens calls them, projecting 
from the moving part, prevent the in- 
crease in the velocity of the wheel being 
more than is proportionate to the in- 
crease in the velocity of the water; thus 
practically ensuring that the number of 
revolutions per unit of water will remain 
constant, at whatever speed the water 
may pass. It is evident that the neck 
forming a joint between the moving drum 
and the stationary case is the weak point 
of this meter, since any leakage at this 
point allows water to escape without 
measurement. The bearings of this neck 
cannot be made long or very close-fitting, 
as the friction of the drum is a very im- 
portant element, when small flows have 
to be measured. Again, the neck, being 
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of considerable diameter, is liable to cor- | 
rode and set; fast, in case the meter re- | 
mains long at a standstill. One great} 
advantage of this water-meter is that the 

correct action of the drum does not de- 

pend on its exact fit,into the outer case; so 

that considerable wear of the toe-piece, 

or vibration through the wear of the 

bearing, does not much affect the regis- 
tration, or stop the drum by causing con- 

tact with the case. 

Siemens’ Fan Meter.—This differs 
from the former in the substitution of a 
wheel with blades for re-action turbine. 
This wheel or fan is driven by the impact 
of the water through oblique circular 
apertures in the casing, and the water, 
after setting the fan in motion, passes 
upwards towards the exit. Its velocity 
of rotation is checked by ‘projecting 
plates, equivalent to the vanes or drag- 
boards of the former meter, but placed 
on the upper part of the case. The regu- 
lation of the meter is effected by altera- 
tions in the size of these projecting 
plates. This meter, which is largely used 
on the Continent though but little known 
in England, has proved successful when 
carefully made. The higher position of 
the outlet, however, diminishes the effi- 
ciency with small flows, as the water, if 
not projected with considerable velocity, 
tends to take the direct path from inlet , 
to outlet without impinging on the blades 
of the fan. The wearing away of the 
toe-piece also causes the fan at length to 
come in contact with the case; and the) 
fit of the fan in the case determines the 
accuracy of the registration. Further, | 
the position of the case, below the level | 
of the outlet, makes the meter liable to 
be choked by sediment; and, the case 
being of iron, a great quantity of rust 
finds its way into the moving parts, and 
is apt to set the fan fast in case of tem- 
porary disuse. For small flows this 
meter has the advantage over the other, 
design, because in the absence of the tur 
bine neck all water has to pass the blades 
of the fan, and so produces an effect on 
the registration as long as the quan- 
tity passing is sufficient to move the fan 
at all. 

‘ylor’s Meter.—This meter, like the | 
last, consits of a fan revolving in a case, | 
but both fan and case differ in important | 
points from those of Dr. Siemens. Water | 
entering by oblique rectangular vertical 


| 


openings, sets the fan in motion, and 
escapes at other openings on the same 
level, in such a way that two or more 
blades of the fan are always in the direct 
path of the water in its natural process 


through the meter. The fan itself con- 


sists of a solid wheel made from a pre- 
paration of india-rubber, very strong, and 
of almost the same specific gravity as 
water. It is provided with blades or 
teeth, which in some cases, especially for 
the larger sizes of meter, are made of 
brass. In that case the shoulder, where 
the blade joins the boss, is placed at an 
angle to the axis of the spindle, so as to 
tend to lift the fan at the higher velo- 
cities, and thus avoid wear of the toe- 
piece. The same result is obtained in the 
india-rubber fan by its low specific grav- 
ity. The toe-pieces for all sizes of 
meter ure made of a special preparation 
of bronze, to avoid the destruction by 
rust to which the toe-pieces of other 
rotary meters, having steel points, are 
liable. The case is of brass, and is form- 
ed of two half ellipses, so placed together 
that at their junction a projection is left 
at each side. The fan only approaches 
the case at four points, namely, where the 
water comes in and goes out, and at the 
projections. The object of this peculiar 
form is to prevent the choking of the 
meter by sediment or rust, and also to 
prevent the current of water from con- 
tinuing to turn the fan after the source 
of supply is shut off. This obviates the 
common difficulty in rotary meters, 
namely, that the moving part of the meter 
continues to rotate for some revolutions 
after the water has ceased to pass. This 
motion is partly caused by the vis viva of 
the fan, and partly by a current of water 
continuing to revolve in the lower part 
of the meter case, and carrying the fan 
round with it, after flow through the 
meter has ceased. In the present meter 
the projections in the case regulate the 


‘movement of the fan at the greater yelo- 


cities, so that a unit of water moving at 
a high velocity is prevented from causing 
more revolutions of the fan than a unit 
of water at lower velocity ; while the cen- 


'trifugal force of the water produces a 


back current from the projections, and 
breaks np any tendency the water may 
have to continue rotating after the flow 
through the water ceases. Another im- 
provement in this meter is an application 

































ON METERS FOR REGISTERING SMALL FLOWS OF WATER. 


397 








l 
for regulating the speed of the fan by a | not drawn ata very low speed. If the 
counter current of water, so arranged | speed be very slow, then a rotary meter, 


that it is adjustable from the outside of at any rate, becomes less reliable. As- 


the case. 


This is of great convenience suming that this is not the case with the 


in testing, and also for persons making | piston meter, we may fix a rotary and 
use of these meters, since any error in| piston meter together on the main of the 
registration, springing from long use or | ‘dwelling house, and then see whether 
accident, can be remedied without taking | there is any marked difference between 
the meter to pieces or sending it back to| the registration of the two, indicating 


the manufacturer. 


meter is that, like all rotary meters, it is| drawn very slowly. 


The defect of this| that a “portion of the water has been 


Three experiments 


liable to pass a certain quantity of water | of the kind are given in Tables ].-ITI. 


without registration. 


This quantity can | annexed, for houses of different classes ; 


be limited to an amount comparable with | and it will be seen that while the differ- 
the minimum registration of piston) ence is usually small, the rotary meter 
meters ; but at the expense of rendering | 


the meter too delicate for use in corrosive 


water. In concluding this part of the 
paper, the author wishes to draw atten-! 
jand after the experiments, in order to 


tion to the great influence of Dr. Siemens’ 
invention on the introduction of rotary 
meters, and to the fact that to his original 
designs all the rotary meters which have 
come into use owe their principles of con- 
struction. 

Measurement of Small Flows.—In 
practice abroad, where rotary meters are 
mostly employed for domestic supply, a 
meter having moderate accuracy with 
very small flows is found the most ad- 
vantageous. Cisterns are not in use, and 
the consumer cannot therefore con- 


veniently defraud the company by allow- | 
ing the water to trickle slowly. Asa. 


matter of fact, it is certain that in ordi- 
nary use but a small quantity of water is 
drawn at very slow speeds in domestic 
supplies. Accordingly in Russia,Germany 


Austria, Italy, and France, the rotary | 


meters described in this paper are used 
almost exclusively for domestic supply, 


and the payments for water are collected | 
according to the registration of the meters. | 


In England detailed experiments have 
always been made in practice, as far as 
the author is aware, with quantities suf- 
ficient for trade supplies, and therefore 
run at considerable speeds. If, how- 
ever, meters are to be employed for do- 
mestic service, it will be necessary to 
register small quautities, at least in cases 
where cisterns are used, and the question 
arises how far the existing ‘meters are 
capable of performing this function. 


Now the experience of the Continent 


proves that there is no difficulty in regis- 


tering small quantities, whether with a) 


rotary or piston meter, provided they are | 





shows the greater flow, proving that in 
practice no error arises from this cause. 
In these cases both meters were tested 
with measured quantities, both before 


make sure that they were in good order. 
Table IV. gives a similar trial carried out 
in Edinburgh, and here the rotary meter 
shows adistinct deficiency; but the varia- 
tions between the two piston meters are 
also noticeable. 

House Meters.—The general question 
of the introduction of meters for domes- 
tic supply in England is a very large one. 
Into its financial and economical aspects 
the writer does not propose to enter; 
but only to point out the great advantage 
of meters as a means of preventing 
waste, and thereby of increasing the 
efficiency, and diminishing the cost of the 
service, under whatever system that ser- 
vice may be administered. If the water 
companies were willing to grant supply 
by meter instead of by rate, there would 
be no difficulty in arranging existing 
meters to fulfil any conditions necessary. 
To provide against loss of water by waste 
from the main, or in supplies not con- 
trolled by a water meter, some account 
of the system introduced by Mr. Deacon 
at Liverpool, with his waste-water meter, 
and carried out by Mr. Muir of the New 
River Water Company, and other en- 
gineers, will prove of service. The fol- 
lowing is a description of an apparatus 
for the same purpose, which has been 
applied by the author to the existing 
Taylor meter. Above the meter, the 
movements of which are to be recorded, 
and fixed to the upper flange, is placed 
clockwork, so constructed as to move a 
strip of paper, about 1 inch broad, hori- 
| zontally, and with an intermittent move- 
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ment, under a pencil or pen free to move 
transversely. This pencil or pen is con- 
nected by a cam and train of wheels with 
the registering pinion of the water meter, 
in such a way that the movement of the 
pencil across the strip of paper corre- 
sponds to 500 or 1000 gallons registered 
by the water meter. The completion of 
the movement of the pencil across the 
paper is marked by its sudden return to 
the side of the strip of paper whence it 
started, and the interval between the as. 
cending serrated mark and the return 
vertical mark corresponds to the time oc- 
cupied in the passage of the above quan- 
tity of water. The time is also marked 
every hour independently by a pricker 
connected with the clock, as a check. 





meters this enormous waste could be 
checked and brought within proper 
limits, the advantages, both to the water 
companies and to the consumer, must 
obviously be great. Theincreased press- 
ure and service, resulting from the di- 
minished drain on the mains, would en- 
able a constant supply to be maintained 
at the top of every house during the day; 
and would thus doaway with the need of 
cisterns for storage, which are always 
stagnant and often polluted. To the 
companies the reduction in the cost of 
pumping and other expenses would pay 
for the whole expenses of supplying and 
maintaining the meters, and leave a very 
large surplus. For instance, the report 
of the Committee in 1880 shows that the 


In some of the recently erected work-| average gross income of all the London 


men’s dwellings it has been ascertained 
that the total consumption of water, in- 


Waterworks is at the rate of less than 


| 7d. per thousand gallons, and that the 


cluding washing of clothes, does not ex-|trade supply is about one fifth of the 
ceed six gallons per head, and this is for| whole. Now if the water rates were 


the better class of artisans. The author 
has made many experiments on this 
point, and whilst the differences in con- 
sumption, in houses of the same class, 
are found to be very large. it is clear that 





raised by a charge of 1s. per thousand 
gallons of measured water, divided into 


javerage charges of 6d. for trade and 


1s 2d. for domestic purposes, it will be 
seen that the water companies of London 


six gallons per head is really sufficient. | would (if waste in the mains be limited 
Tables V. and VI. give two cases of this; to 8 per cent.) profit to the extent of 
kind, in houses of very similar character. |4d per thousand gallons on the present 
The large fluctuations from day to day supply. On the other hand (as shown 
will be remarked, and also the fact that | by Table V.) even the most extravagant 
in one case the consumption per head per | consumer would for an efficient supply 
diem was 144 gallons, and in the other | pay less than he now does; but as long as 
48 gallons only. In the latter case, | his fittings were out of order he, and not 
however there was also a small rain-|the water company, would pay for the 


water cistern in use. Again, in houses of | 


the middle classes, it is known that the) 


quantity of water actually used for cook- 
ing, washing, and all other purposes ex- 
cept baths, is not more than ten gallons | 
per head, and for baths five gallons per 
head will be a very ample allowance. It 
will therefore be on the safe side to as- 
sume that the actual consumption per | 
head for all purposes should not exceed 
fifteen gallons for medium-sized houses, 
and ten gallons for small; making in the 
latter case a large allowance for the in- 
creased consumption in single tene-| 
ments, as compared with dwellings in | 
flats. But it is known that the London 

waterworks supply on an average up- 

wards of 27 gallons per head of the popu- | 
lation ; so that it appears that nearly half 
the total supply is absolutely wasted. 





wasted water. 
Taste. I. 


Experiments carried out at the Lincoln Water- 
works, with Constant Service, showing the 
Relative Monthly Registration of a Rotary 
und Piston Water Meter. 


Rotary Meter, | Piston Meter, 








Month. gallons per gallons per 
diem. diem. 
March ...... 97 | 96 
. 102 101 
Ar 199 177 
August..... 83 77 
October..... 90 | 86 
| 


Total for 5 18,188 Gallon. 
months,... 19,575 Gallon. (7 per cent. less). 


The consumption in this experiment 


corresponds with that of an ordinary 
° ! , . . 
If by a proper system of domestic’ workman’s house in London, with con- 
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stant supply, containing 8 persons, and | 


using on an average 13.07 gallons per 
head per diem. 

Tasze II. 
Experiments with Piston and Rotary Meter, 
both 14 inch, on a house and tobacco shop, 
containing 8 re of whom 3 were away 
from 6 A. M. to 6 P. M.: 1 bath ; 2 w. c.’s. 


Rotary Meter. Piston Meter. 








Date. Average gallons Average gallons 
per diem. per diem 
1880. 
Dec. 23-26.. 117 115 
Dec. 27-30.. 182 195 
1881. 
Dec. 31.-Jan 3 152 138 
Jan. 4-Jan. 7. 122 118 
Jan. 8-Jan. 11 145 122 
(Frost). c 
Jan. 12-Jan.14 166 150 
(Severe frost). 
Average.... 147 140 


(4.75 per ct. less) 


N. B.—On January 14th, the pipes 
were frozen till Feb. 8th, when the pis- 
ton meter burst. The rotary meter re- 
corded 240 gallons on Feb. 9th, and 100 
on Feb. 10th. 


This case represents a large class of | 


houses used as small shops, with two or 
three lodgers besides the family. The 
average consumption is 17.75 gallons per 
head per diem. 

Tasre ITI. 


Experiments with Rotary and Piston Meters 
on main of a house in the Chelsea District. 
Number of family 12 to 14 persons; 2 baths; 


4w.c.’s. Supply constant during daytime. 
u u 
oe & oO 
ek jes. 
Axthang 
Date. |/>2.2 8.2 Remarks. 
aacio=t 
Eo #5 
= a 





| order |14 persons in a house, 
ee oe oe 





“ce 19) 945 6 “oe “e 
Family left. 
‘« 22 300 290 |Cleaning. 


“6 24) «(5615 550 Cleaning,family returned | 


« 25 535 500 |Family left. 
** 26 450, 410 Leaky ball valve rep’rd. 
) 


“« 28 423 405 Family returned. 
474 470 12 persons in house. 





This was a house occupied by a mem- 
ber of Parliament, at a rent of £350 per 
annum. Theaverage consumption, from 
Feb. 23d to April 11th, had been at the 
rate of 22.5 gallons per head per diem. 
But previous to repair of fittings on Feb. 
26th, the average consumption was at 
the rate of 31.3 gallons per head. 


Tasre IV. 


Experiments with Piston and Rotary Meters 
carried out by Mr. Coyne, Engineer of the 
Edinburgh Waterworks, for his own infor- 
mation. Meters were placed on a public 
service and close together; constant service. 

a Rotary! 


= | Meter. | Piston Meters. 





Duration 
of trial Gallons) No. 1 | No. 2 
regis- Gallons Gallons 


tered. | regis’ed regis’ed 


No. of 


Experiment. 
No. of Da 














April 21, 1879 
to Feb. 14, ’80 267 150,050 not fix’d 161,600 
Feb. 15, 1880 
to June 8, ’80 109 46,200) Inot fix’ d 54,000 
3 June 3, 1880 to 

Aug. 16, '80 74 47,700, 54,000 52,650 
4 Oct. 27, 1880 | 
to Feb. 10, ’80 116 34,160) 


ot 


ch) 


36,100 38,700 





Tot. April 23, 1879 | 
to Feb. 19, 81596 278,110! — (306,950 


TaBLe V. 


Quantity of Water registered by 14-in. Rotary 
Meter in a House containing 5 5” people, ail 
warhing done at home ;1 bath, 1w.c. In- 
termittent supply, 








Per Meter, Gallons 
Date. Gallons con- per Head 

sumed. | daily. 
Sat. Nov. 20... 210 42 
- ee 60 12 
Mon. ,, 22.../ 90 18 
Tues. ., 28...| 50 10 
Wed. ,, 24...! 40 8 
i. ee 25... 50 10 
ra. » @&...| 60 12 
Sat. ,, 27...| 80 16 
Sun. | 28...| 60 | 12 
Mon. ,, 29...| 50 10 
Tues. ,, 30...| 69 12 
Wed. Dec. 1...) 50 10 
Thur. ,, 2 40 8 
Fri. i 310 | 62 
Sat. ,, 4...| 90 18 
Sun, |) 5...| 50 | 10 
Mon. ,, 6...| 90 | 18 
;Tues. ,, 7...! 60 12 
Wed. ;’ 8...| 250 | 50 
iThur. ,, 9.. | 30 6 
‘Fri. ,, 10.. 60 | 12 
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weeks, ending Dec. 10. Daily average 
704 gallons, or 144 gallons per head. Rent 
of house £40 per annum; water rate, 41s. 
Water used by meter in six months 
was 13,080 gallons, which at 1s. 2d. 
per thousand is equal to 30s. per annum. 


Taste VI. 


Quantity of Water registered by a }-in. Rotary 
meter, fixed on a House in the Lam- 
beth District, containing 7 rooms: 1 w.c., 


gaiden 120 by 16. All washing done at | 


home. Number of family, 6. 
Contents of Cistern 7.7 cubic feet, or about 50 
gallons. Meter gave 50 gallons when tested 
at commencement of trial. 


N.B.—3010 gallons consumed in six | A new invention for coating iron and 





Date. Gallons per | Gallons per 

Day. |Head per Day. 
pe ee 30 5.0 
a er 30 5.0 
i 20 3.3 
a il 30 5.0 
sas chicane 20 | 3.8 
i Ts 30 | 5.0 
ee 55 9.1 
_ SS 5 0.8 
— ee 40 66 
oS: See 10 1.66 
g aaon is 20 3.3 
ee Seen 20 3.3 
rere | 25 4.1 
Dorrie 30 4.1 
7 See | 5 0.8 
i Diwedaee 20 3.3 
ie | 50 8.3 
; cela areas 45 7.5 
ae _ ee 45 7.5 
‘ ae | 50 8,3 
a ES 40 6.6 








Total water in 124 days, 3180 gallons ; 
average per diem, 25.56 gallons ; average 
per head per diem, 4.75 gallons. Meter, 
when tested at different intervals during 
trial, showed 48 gallons for contents of 
cistern. The supply being intermittent 
and the meter placed near the cistern, 
this error is probably due to air in the 
pipes, as the meter was exactly correct 
when tested at the manufacturers. The 
cistern was allowed to fill with the ball 
valve closing gradually, in the usual way, 
in these intermediate tests. In reference 
to the small consumption in the house, 
it appears that a rain-water cistern con- 
taining 50 gallons is in use, the water 
from which is used, when obtainable, for 
any purposes except for drinking and for 
¢ oking. 





steel with iridescent copper, says the 
Revue Polytech, is the work of Dr. Weil, 
of Paris. First, thirty-five parts of crys- 
_talized sulphate, or an equivalent amount 
of any other salt of copper, are precipi- 
\tated as hydrated oxide by means of 
‘caustic soda or some other suitable alka- 
line base; this oxide of copper is to be 
added to a solution of 150 parts of 
Rochelle salts, and dissolved in 1000 
parts of water; to this 60 parts of best 
caustic soda, containing about 70 per 
cent. NaO, is to be added, when a clear 
solution of copper will be formed. The 
| object to be coppered is to be cleaned with 
(a scratch brush in an alkalino-organic 
bath, attached as a cathode, immersed in 
_the coppering bath, and treated with the 
usual precautions, when it will become 
rapidly coated with an adherent film of 
‘metallic copper. As the bath gradually 
loses its copper, oxide of copper, as 
\above prepared, should be added, to 
| maintain it in a condition of activity, but 
| the quantity of copper introduced should 
|not ordinarily exceed that above pre- 
| scribed, as compared with the quantity of 
tartaric acid the bath may contain. If 
the quantity of copper notably exceeds 
this proportion, certain metallic iridations 
/are produced on the surface of the ob- 
| ject. These effects may be employed for 
‘ornamental and artistic purposes. Ac- 
|cording to the time of the immersion, 
| the strength of the current, and the pro- 
| portion of the copper to tartaric acid, the 
iridescences may be produced of dif- 
ferent shades and tints, which may be 
varied or intermingled by shielding cer- 
tain parts of the object by an impermea- 
ble coating of paraffine or varnish, while 
the iridescent effect is being produced 
on the parts left exposed. Ail colors, 
from that of brass to bronze, scarlet, 
blue and green may thus be produced at 
will. 

Tue Italian Minister of Public Works 
has given orders for surveying a direct 
railway line from Naples to Rome, via 
Gaeta and Terracina, which was proposed 
in 1871 by the engineer Danise. Rome 
could be reached by that route in three 
and a-half hours, while now double this 
time is employed. Strategical consider- 
ations will have some weight, as the new 
line would give mutual support to the 








fortress of Gaeta and Capau. 
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BRIDGES OF ANY DESIRED DEGREE OF 


STIFFNESS; 


OR, THEORY OF EQUILIBRIUM OF A 


LOADED ELASTIC BEAM SUSPENDED 


FROM AN ELASTIC PARABOLIC CATENARY, 
By C. B. BENDER, C.E. 


Onty few combinations of two elas. | 
tic systems admit of a strict analytical | 
treatment, and many combinations are | 
only the result of arbitrary guessing 
without a sufficiently clear understanding 
of the acting forces. 

Such designs, when executed, repre- 
sent only so many unscientific experi- 
ments on a large scale. 

The combination, however, of a homo- 
geneous elastic beam suspended from a 
flexible catenary, is one of the few which | 
are capable of a tolerably rigid analyti- 
cal treatment. 

It is a very useful combination. 

Though frequently examined—so far | 
as known to the writer—it was always 
supposed to be made with a beam so 
stiff that the assisting influence of the 
distortion of the parabolic catenary 
could be neglected. 

That this supposition may lead to con- 
siderable errors, will result from the 
solution of the problem now presented, 
and worked out by the writer at the 
commencement of the year. | 

The combination of catenary and sus- | 





the elastic limit, increases in direct ratio 
of the lengths, long wires are capable of 
withstanding the influence of movable 
loads better than riveted structures, or 
even of ordinary bridge links, which 
were never made in lengths greater than 
a little over 50 feet. 

By good connections, about 5 to 10 
per cent. of the original strength of the 
wire is lost. Eye bars of 25 feet length, 
if made 6” wide, require 16 per cent. 
additional material for eyes and pins. 
If made 3”’ wide only 8 per cent. would 
be needed. Galvanized steel wire of No. 


|8 gauge can be furnished in great masses 


with an ultimate strength of about 
160,000 pounds per square inch area. 
For steel eye-bars not more than 70,000 
pounds must be counted on, and for 
good ductile iron eye-bars 50,000 pounds, 


| Wire is considerably dearer per ton than 


bars, but requires only machine labor to 
make the connections. It is easily put 
in place, but requires much time for its 
manufacture into cables. 

For very great spans cables seem to 
have the preference, not only on account 


pended beam is especally useful for very of their durability, due to galvanizing and 
great spans, and has become more so| wrapping, but, also, because their strains 
since, thanks to the inventions of Messrs. | are known with great certainty, and be- 
Siemens and of Sir H. Bessemer, steel | cause of the great distance of wire joints 
wire of great strength and uniformity which permit the adoption of a lower 
can be produced in great masses at a rea- factor of safety. (Compare “Cable Mak- 
sonable cost. ing for Suspension Bridges,” by Wilhelm 

It is now possible to construct galvan- Hildenbrand, the scientific and ecn scien- 
ized steel wire cables of 70 and more’ tious assistant, since the commencement 
tons of ultimate strength per square inch of the East River Suspension Bridge, of 
of metal of the finished cables. More-| the late John A. Roebling and his son, 
over, wire is furnished (first in Germany, W. Roebling, the engineers of that 
where the wire industry occupies many structure). The suspended beam not 
works, and not only supplies nearly ex-| only has the office of distributing the 
clusively the home market, but also concentrated loads, and of neutralizing 
brings 70,000 and more tons of this arti-| the greater part of the momenta caused 
cle yearly to export) in coils of about! by one-sided loads, but also furnishes a 


a hundred weight each, so that the joints| 
of cable wires are more than 1500 feet 
apart. 
Since the capacity of elastic material 
for absorbing tensional impacts within 
Vou. XXV. No. 5—28. 


sufficient quantity on both sides of the 
bridge floor, which serves to form chords 
for the horizontal wind bracing. 
Additional arrangements, as inclined 
stays, are not only not needed, but lead 
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to waste of material and labor, because 
the point of attachment of each stay, 
under certain positions of the movable) 
load, is taxed with a high moment of 
flexure. These stays, and similar addi- 
tional appliances, lead to uncertainty of all 
strains, and hence to unscientific rule-of- 
thumb design and to disturbance, under 
the influence of changing temperatures 
of the conditions of equilibrium. 





The beam, if properly designed, is all| 
what is wanted; itis necessary and is suf- | 
ficient! It does away with those uncer- 
tainties, and gives the greatest simplicity | 
and economy for the greatest possible | 
spans. 

In order to examine the conditions of | 


2 b. K, an uniform permanent weight, 
K being its intensity” per unit of length 
of beam. 

zp, another uniform and movable 
weight, z=O’z being variable. 

ZZ, Z,,,, the levers taken for O’ of the 
weights W, W,, W,,, in their position 
on the system in equilibrium. 

M’o, the moment of all weights W, p 
and K for O’. 

M’’o, the moment of all weights W, p 
and K for O”. 

These moments are connected by the 
equation M’o+ Mo”=2d (W,+ W,,+W,,, 
+...+26K+2y)=spanXsum of all 
weights. 

I, the constant moment of inertia of 


equilibrium of this useful combination| the suspended beam. This is supposed 
reference is had to the following diagram | to be homogeneous, and of such nature 
and notations. | that its deflections are not influenced by 
Let these represent : , |the shearing forces (web members), but 
ACB, the original parabolic catenary. | only by the moments of flexure (chords 





A’C’B’, its position in equilibrium un- | 
der the loads supposed. | 
2h, the distance AB=A’B’, its span. | 
H, its original depth. | 
=/h He ne its ori inal | 

y= Pp(x)= ime b b g | 
equation. | 
O’, the origin of co-ordinates. | 
O'O”"’", the positive side of the abscissze | 


&. 
O’A, the positive side of the ordi-| 
nates 7. 
ax, the intensity for the abscisse 2 of 
forces acting in suspenders, supposed to 
be infinitely close together, and repre- 
senting a load per unit of length of a. 

Q, the constant horizontal component 
of the tension of the cable A’C’’B’ for 
any abscisse 2, it being the result of all 
weights acting upon thesystem. A flex- 
ible cable is supposed. 

E, the modulus of elasticity of mate- 
rial, it being supposed to be constant 
throughout. 

A, the original length of the longest 
suspender. 





or flanges). A moment of flexure for a 
certain abscissa is positive, if the radius 
of curvature at the point contemplated 
is directed towards the positive side of 
the y, or if the center of curvature is 
above O'O”’. The second differential 
quotient, therefore, of the equation of 
the curve of flexure for that point is 
positive, and the positive moment means 
a curve concave towards the side of the 
positive y, with pressure in top fibers 
and tension in the bottom fibers of the 
beam. A negative moment arises from 
a negative second differential quotient, 
causes a curve of flexure, which is con- 
cave towards the negative y, and causes 
tension in the top and pressure in the 
bottom fibers of the beam. 

A shearing force is considered positive 
if acting in a sense opposite to that of 
the weights imposed upon the bridge. 
For a certain abscissa x, it is equal to 
:R, plus all forces zz.dx less the 
weights between the point O’ and the 
point contemplated. 

In accordance with these notations, 


h—H, the original length of the short-| suppositions and explanations, the prob- 


est suspender, 


lem consists of finding the equation of 


O'O’’=2%, the length of the suspended the elastic curve of the beam. Its un- 


beam. 


| known equation y=f (x) is to be found 


R, 2 possible positive reaction, the| where y are ordinates, as distinguished 


positive sign being used for supporting | 
forces acting upwards towards the posi- | 
tive y. | 


W, W,, W,,, negative concentrated | 


forces: weights. 


froin those of the cable, which are deno- 
ted with y. If, for instance, the beam 
deflects, which here means that y is neg- 
ative, and if the suspender, for a certain 
«=,, originally had the length y and 





le 


— 
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now becomes y (1+ ¢)—é being the spe- | 
cific extension of the suspender due to | 
the value zx, : the new ordinate y' of 
the catenary A’C’B’ will be equal to y | 
(1+) less the absolute value of y or it | 
will be y (1+¢)+ f(a) and y —' 
P(x)+ f(x) . 1). 
This simple equation characterizes the 
connection between the two elements of 
the combination to be examined. The 
smalland variable fraction ¢ need only be | 
considered in a calculation of correction. | 


The moment of flexure Mz, for e=2, | 


can be expressed in two ways. 
a.) It is equal to 


BLSY=ELs"(2) 


in accordance with Euler's fundamental 
equation. 

b.) Taking the point for which e=.2, 
as fulcrum, it is equal to the moment of 
all exterior forces acting on O’z,, care 
being taken that in agreement with the 
form of the curve, the “moment 80 found | 

2 


has the same sign as ot A Consequently 
c 


the moment is 
Mz, =R,.x,—W,(x,—2,)—W, (x, —4,,) 


~, mia 


+ [tre(a,—2).dz 


a.) and 6.) are equal, hence there is 
already found the relation looked for, 
which only needs simplification. As re- 
gards the integration 0.), the differential 
quotient of ¢ @) x Q represents the load 
carried by the cable. The differential | 
“ 





quotient of the product or Q. 


is the intensity z,, by which the <i 


force changes at x. Hence: 


— TPO) je ete 


which is an absolute value. The integral | 
in 0.) 


S (xe(e,-2).del=e, S ratte— 


v1 
. [ w.7°,.dx] becomes =Q.z.. 


S EBt4 ry | de— 





+r'@| 





a Ss PHA) | ae 


and omitting (1+ ¢) which is tied to H 
and simplifying 


=Q a> +Qae, J “T' (aydz—Q 


; SJ’ (x.).@ Ja +Q. SF ute. 


0 


ee," 


=F 4 QF le) Qa, J") 
+Qf(%,)-—Q/(&,) 
where /(#,) is a constant value and two 


other constants have disappeared. Final- 
ly the integral is obtained 


=Q.2,*. - +Q. 7 (x,) + constant. 


This value introduced into eq. 0b.) the 
values a.) and 0.) furnish for M,., at the 
point where the abscissa is «, , the value 


1 24 =R.2,—-W,@,-l,)- 


W, (x, —b, a | Win, ea 
~(p+k)— 2 +Q.2,’. yy A ase, 


Now all « have disappeared and Mz, is 


| only expressed by 2,, so that simply 


returning to « and after two differentia- 

tions the fundamental equation 
H 

— +Q.7 


t y -. y 


EL _ —(p+k)+ 


| is aaa 
This equation can be simplified in ap- 
pearance by putting 


E.I=Q.?# and 


. (2.) 





2= (4 2.H at . (3.) 


Nae te to 


| whereupon the equation follows 
| Wz 2 
| da’ ~° 


'which integrated leads to the expression 
xe x 
e=Ae’+Be § 
where e=2.7182818, or 
x x 


d*y 
| da? 





t ~?t. [pte 2H 
= Ae’ +Bae + C>- =>) 
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: 4 | “es and a > + (5.) 
WY pad ene t (CE 40/9 MQ PF — BQ’ 
dec Q b The assumption of certain end condi- 
= ea tions of the system may now be pro- 
=*Aet+e*Be ¢ 'ceeded with: 
y a iid The beam O’O” is supposed to be 


pth _ 2.H\ 2 
(Pe. oe =) 5 +O.c+D... (4) 
which is the equation 7\(x) for the branch | 
from x=0 to x=z; A, B, C, D and ¢ are| 
unknown constants which must suit, first- | 
ly the general conditions of rigid bodies 
in equilibrium,and secondly the end con- | 
ditions of the system. In the following 
pages the loads W are left off and only p | 
and & are retained. 

For the part of the curve from x=z to) 
2=26 a similar equation is obtained, O’ | 
being kept as origin 





2b—x 2hb—ax 
JS,.@=% =. *a.e ’ +2. B.e ' | 
k 2H)(2b—2") | 
+(Q- =) 5 +pe+s.. (42) 


where a, 8, y and 6 are new constant | 
values. 

The general conditions of equilibrium | 
of rigid bodies, here applied, require | 
that the algebraic sum of the moments 
of all the forces acting thereon, including 
reactions, for any point must be equal to 
zero, and that also the algebraic sum of | 
the parallel weights and reactions be 
equal to zero. The moments taken for 
O’ and O” include the second condition. 

Taking the fulerum O” the moment of 
the weights is M,”’. At A’ the reaction of 
the cable is —Q. ip! (0) [negative sign be- 
cause wf’ (0) is negative, and reaction 
positive]. The reaction of the beam at 
O’ is R,, and the moments +Q./ disap- 
pearing, M,” ‘=20(R,— —Q.%'(0)]. For the | 


*y , 
Te ® at O’ being O, the 











value E.I. im —=) is obtained from 
eq. (4.). 
For (0) is got g'(0)+/'(0), or conse- 
gag 
XV srr 2. 
He =™F(4_B)-Q.0-Q.(A-B) +2 
and since E.I=2.’Q, 
~~ 2.H.Q 
— 


| 2=2b, Myp=0, a+ B= — 
k 





hence 


| without end moments and to be provided 
\for + end reactions R. Hence for 


«x=0,M,=0,A+B=— 
{pee 2.H) 


Q es 





0, | 


2.H 


Q 


where C, and C,, are introduced for the 


sake of brevity. 
To obtain further conditions for the 


| determination of constants it is now de- 
| sirable to consider that the two branches 


of the elastic curve must be identical for 
z=z. This condition requires that: 
Y=yu3 ? KB (2) =f,’ (2); ? I = 

Fi @3 "=f" 2) 


‘or that the ordinates, the tangents, the 


moments and the shearing forces must 
(7.) 





be equal for 2=z. 
Hence 
aes 
(a.) whe! +0°B.e* C5 +C2+D= 
2b—z _ 26-2 
trae § +t.5Be ‘9, Sov 


+y(2b—z)+6, 
2 2 
(6.) t.A.e® —t.Be’ —C.2+C=— 
2b—z 2b—z 
tt aaa 





+t.f.e C,,.(2b—2z)—y 


rf 


t.a.e 
2 


(c.) Ae’ +B *-C, 
2b—z 
t 


26—z 








+ f.e 


=—4.é 
z 


4: oz 

2 ft oe © 
(d.) -« 7? 

2b--z 
=-ae § +e 


From (a.) and (c.) results 





5.) 
ro- 


be 
ed 


6.) 
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_a_ Pt | and ad 
D—é=*% - + + + (8)! * = 
Since D and 6 only appear in (a.) Ae’ =f.e ¢ _? ana 

nothing further about them is known for | 2Q 
the present. But the values y for O’ and _ 2 2b—z 
O” are found =7°(A+B)+D and ?(a+ f) oe Faas © (9.) 
+6 and their difference y,—y y=. . cali — me 

= r : _ | from which (10.) were derived with utili- 
(C,-—C,,) +p. ' nothing, or the end de- | zation of (6.) 


flections must be equally great. Also A’ In order to determine Q and ¢ another 
and B’ must be on a level. On account, | condition is needed. This condition 
therefore, of the extended suspenders consists of the known length of the 
and compressed towers, a little freedom | cable which, under the strains contain- 
must be given at O’ and O” so that| ing analytically only the unknown quan- 
under one-sided loads a small distortion | ‘tity ’Q, would stretch in a degree which 





will precede the regular action of the 
forces, one of the points O’ and O” be- | 
ing a little higher than the other. The 
towers need not support exactly at A and 
B, they can stand a little behind, and the 
end pieces of the cables can be arranged 
to accommodate the distortion men- 
tioned. 

From (3.) and (d.) follows —z.C,+@= 
C,,(26—z)—y which does not give any 
new information, so that really there are 
only three equations instead of four. 
From (c.) and (d.) can be obtained : 











2 2b 2b 
a(ef—e *)=0-C,6 '+ 
z Zz 
ag(é te £) 
2b 2d = 
p(et—e *)= -C,+C,, a* = 
a _% 
a : +e *) 
2 2b 26 
A. (ee . )=C,-C.e *— 
2b—z _ 2-2 
ale f+ * 
2d 2b beg 
B. (e* -e , )=-o, +C, ie? 
2b—z 2b—z 
% (e tae ? ) 


can be expressed by an equation. 

The new length, also expressed by an 
integral, would have to be equal to the 
vriginal length plus the extension, the 
analytical expression of the whole condi- 
tion is very complex. But by making a 
‘hinge in the center of the beam, and 
thus also avoiding strains and intricate 
calculations due to changes of ‘tempera- 
ture all complication is avoided. 

Already before Koepke, in 1860, made 
this observation, a Prussian Government 
Commission reported that the trusses of 
the Niagara Railroad Suspension bridge, 
‘to avoid considerable additions to the 
| strains, should be interrupted in the cen- 
| ter. (See Erbkam’s Zeitschrift far Bau- 

| wesen, Berlin). 


Supposing now that z z b ont that 
| there is a hinge in the middle, there must 
b b 


| become M,-,=0 or aet + fue ~t-C,= 
0, which with (10.) gives the equation (11.) ) 











| b b 
}a—e* \(l—e —)20,.Q=p. 

| (i—e*)(i—e *). . . (12) 
so that for z=, or in case that the bridge 
‘ishalfloaded 2.Q.C,,=p,Q= (x43 alae 
ee a 
|C,.=—-C,= PP) a=—A; f= 
—B. a 


ii if the bridge i is half filled with 
uniform load p, the cables—as far as Q 
is concerned—are strained as if the mov- 
‘ing load p 6 were spread over the whole 
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span with the intensity p, and as if the 
cables were still hanging in parabolic 
curves. 

But it does not follow that their form 
is parabolic. It results from (13.) that 
. the equations for the moments of both 
halves of the beam are identical, but of 
opposite signs. 

An interesting quality of the hinged 
beam, when half loaded, is this. Ac- 
cording to (13.) y, and y,, for symmetri- 


cal points x, and 2 b—«, by adding give | 


¥,+Y,,=D+6=a constant value. 

It also follows from (6), (10) and (13) 
that under full load K, or full load (p +4), 
C, is equal to C,, and that a=6=A=B 
=zero, and that all moments become 
zero. 
=o and only D remains=0. 

Be it remembered that thus far the ex- 
tension of the cables was not considered. 


They will stretch, the hinge will sink, | 


and the beam not being made for the 
nearly parabolic curvature natural to the 
cables, there will result small moments 
and smalj shearing forces and a small 
change of form of the cables, which orig- 
inally was made parabolic by means of 
adjustable suspenders. In order to de- 
termine those strains, the length of the 


cable must still be considered, hinges, 


notwithstanding. H will increase, there 
will be a sudden tangential break in the 
middle of the cable, Q will decrease, and 
the influence of (1+<¢) will have to be 
considered. 

Equation (10), (11) and (12) give these 
formule. 


ob d 
fue * e! 
wey ~¥ prs 5} 
Ye 2 ule * 
b  _® 
t t mn 
A=C ¢ =< — a t 
“oa” 
é é wnG é 
2d b 
7 _ 
Bait ats * 
6 5b 2Q° (14) 
é€ y —€ yj 


The discussion of eq. (13) leads to 
the limiting values of Q. For z=0 itis 


There is also M,”’=M,’ or C=y 
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kb? ound 44.2 (k+p) 2 

oH for z=0 it is “OH .b’. If the load 
p progresses beyond the hinge the prob- 
lem can be treated as if the whole 
bee 

| bridge were loaded with 24(p+) and 
|as if the movable load p were negative, 
| 80 that for z=26 the value Q becomes 


(+ p) La For intermediate values Q 


‘equation (13.) can be written thus: 


4 


t 


A 


t 


+e 
2 


|y e 


1 1+ 


b 
oS 4e 


(—— 


It is well known that ¢. ae 


ae 


+e 
2 
is the ordinate p of a catenary proper, 
where ¢ is the ordinate for z=o0. The 
\left side of the equation consequently 








represents 4, and the right side is 
‘known, Q being simply assumed. The 
| solution of this equation gives 
| 2 ¥44/¥ 

7 =log. nat. (: tV “a 1) 


,and for common logarithms 


| log. z=log. ¢ + 0,3862216 + 


_ 4 2 
| jog. log. (“3 ¥-1) (15.) 
| so that for any Q chosen between 
vk = aes 
| aH’ aH” +P’) a +p) 
the corresponding z ,, ,, ,, 0, band 


|2b can be found, so that also ¢ and all 
‘other constants are known. The series 
\of z and of other values found should 
| be represented graphically. 

All formule developed contain the as- 
sumed value I, which, in fact, is just the 
| quantity to be found. 
| Differing from the common theory of 
| stiffened suspension bridges, it depends, 
| like the moments, etc., on the permanent 
|load 2 b. K. 

But several examples for varying pro- 


| portions of F and 


I: having been calcu- 









load 


rob- 
hole 
and 
tive, 
mes 


1d 
ll 


es 
ld 


1€ 


of 
8, 
ut 








lated, certain values of I will be found | 
which can be used towards, at first, ap- | 
proximately assuming I in case of a) 
special project. Calculations of correction | 
are then to follow. The way having been | 
shown in principle, the labor of develop- | 
ing secondary problems is not intended 
to be done here. 

High strains (use of excellent material, 
excellency of detail design, and superior | 
workmanship combined) are accompa-_ 
nied with great deflections, which, in| 
combination with plate cable curves, re- | 
duce the moments of flexure. 

It may be desired to build a roadway 
bridge, which rarely, if ever, will be| 
strained to the limit of the specification. | 
Here the principle of the stable equi- | 
librium of the catenary, which has saved | 
so many a weakly-designed suspension | 
bridge becomes useful. For the /imit of 
flexibility is indicated, if not already 
by the chord material required on ac- 
count of wind, by the greatest admissi- 
ble grade of the floor at O’ and O”. 
This grade at O’ is 24, =¢ (A—B)+C and 
at O” it is a, =t (—a+f)—q. These 
equations lead to tolerably simple (16) 
formule, if a is only chosen for the case 
of a half-loaded bridge, because, for this 


oo 5° p — 
t =~ : ). 
supposition Q zal K+ 2 An initial 
or positive grade at O’ being arranged, 
a great a, can be admitted and chosen, 
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and Ze denotes = viz: 


(ay 3.9, 99 


=ett io"* — 175 


2) (5 


.°+0,255.64..0.. 


= P 

4 F748 (0. 75+0,9 «—0,847.¢ 
+0,51. 6 .... (18) 
The deepest point of the cable can be 
found by solving the equation *e) =0. 


The x which satisfied this condition de- 
termines the vertical line passing through 
the center of all forces z, acting on the 
cable. The tangents at A’ and B’ drawn 
to the curve 7(x) likewise intersect in a 
point of this gravity line, a property 
which can be used to fix it. These two 
tangents where they are intersected by a 
horizontal line through the deepest point 
of A’C’B’ give points of the center lines 
| of all those forces 7, acting on the cable, 
|either to the right or to the left of the 
deepest point of the cable. 

It remains still to illustrate by an ex- 
‘ample the theory now finished. 

Given: Span 26=1600 feet, I=180000 
square inches x square feet (depth of 
YS , , Span 
= 195'=—_+ — 
girders say 40’.) H=125'= 128° 
/E=12000 tons. Permanent load 3 tons= 
k per lin. foot. Movable load 1 ton=p 
per lin. foot. 


} 


| 


provided, that if the whole bridge is|” For half loaded bridge 
loaded in summer time, there is no visi-| 31 800" 
ble sagging. To calculate this camber) z—}5—800', Q= 39.800" —8960 ts. 
the following formule may be found use- | 2.125 
wie — Te ee 
1) The length of the half parabola is: | 17920 
b 2H? 2 H aes a ee ee 47.14 
S=0(1+ 35 tienen seumiiees 10° 
4 { The moment in the centers of the half 


10 H° ‘ 
73 OR -) 
and for a small variation ZH 


| beams or for n= and = are found 


| +30800 tons feet, which is at the rate of 





b 8 H? | p.b? . = 

4S =JAH. (5. +-3 3 + (17.)| 90,3" The reactions + 166 tons for O 
. : : ‘and O” are at the rate of 0,208.d.p. 

24 H’ 80 : H ae ) | If the bridge had been calculated like 

7° 9 B a reversed hinged arch, the stiffness due 


From these formule the author has 


Ss 
derived others, where ¢ denotes ——s 


'to the change of form of the cables would 

have been neglected, and if this is termed 
‘the common theory the following table 
| may be formed: 
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Cables 
considered. 


Common 
theory. 


Reactions + = +200 + PP = +166 
? 


tons. 
Advantage of correct theory 17 per cent. 


Moments for 


duced with reduction of I. Shallow gird- 
ers naturally require greater chord sec- 
tions. 

In case of natural anchorage, H may be 
reduced with some advantage, leading to 
amore flexible girder. 

The hinge is not the only mechanical 


arrangement by which the effects of 
changing temperature can be neutralized. 

Fourteen years ago the author, when 
i scientifically occupied with this class of 


_b 3d, phe 
“=- and +36 


5 and = +7 = 4.40000, 





po _ 
+ 20.8 = + 30800. 


8 
+ 



































Advantage of correct theory 23 per cent. | structures, found that continuous ropes 
Strains in chords of beams, tension + |led over pulleys attached to cables and 
pressure tons per square inch 8,888 | floor continuous self-adjusting suspend- 


6,85. ders answer the same purpose. Friction 
The saving due to distortion of cables | could be considered if desired. Hinged 
is, therefore, not inconsiderable. ‘suspension bridges, with beams sus- 
If greater flexibility had been desired, | pended in this manner, render the the- 
the depth of the beam could have been re- | ory of reversed hinged arches directly 
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applicable, and the element of stiffness 
offered by the cables is really sacrificed. 
An unhinged beam, with those self-ad- 
justing suspenders, can be built so as 
to be without negative moments. Its 
average moment is 0,132 p.d’, whilst for 
hinged reversed arches it is 0.111 p 0’, 
where tension and pressure of each 
beam are added. 

To compensate for this loss the aver- 
age shearing force of the unhinged 
beam is only 0,008 p d, and for hinged 
beams it is 0,359 p. b., in which figures 
the maximum resulting tension in a 


member must be considered added to 
the maximum pressure. 

| The analysis submitted suggests the 
| possibility of any degree of stiffness 
being given to a suspension bridge. 

| It is the class of Partially Stiffened 
| Regular Suspension Bridges, which the 
| author intended to submit to the consid- 
/eration of the profession, of which he 
'ventures to hope that—within the prac- 
tical limits indicated by the premises 
carefully stated at the beginning—it 
‘may become of utility in Bridge Engi- 


‘neering. 





WIND PRESSURE ON RAILWAY STRUCTURES. 


From “ The Engineer.” 


Tue following is the report of the 
committee appointed to consider the 
question of wind pressure on railway 
structures : 


| velocity only of the wind is measured by 
| Robinson’s rotating anemometers, the 
| velocity of the wind being taken at three 
| times the velocity of the revolving cups. 


To the Right Honorable the President of For some stations the only published 


the Board of Trade. 
Lonpvon, May 20th, 1881. 

Sm—In compliance with the instruc- 
tions from the Board of Trade—a copy 
of which is given in the appendix—to 
consider the question of wind pressure 
on railway structures, and to report to 
them on the subject, we have made such 
inquiries and procured such information 
on the subject referred to as we deemed 
necessary, and have now the honor to re- 
port the conclusions at which we have 
arrived. 

It was necessary in the first instance 
to ascertain, as accurately as possible 
from the sources which were accessible 
to us, what the highest pressures of the 
wind in this country amount to. With 
this object we obtained from those ob- 
servatories and stations where the press- 
ure or velocity of the wind is measured, 
the statements which we give in the ap- 
pendix. In order to exhibit the action 
of the wind during heavy storms, we 
have also appended lithographic copies 
of wind diagrams taken by means of self- 
registering apparatus at Bidston, Glas- 
gow, and Greenwich. 

At some of the stations from which we 
have obtained returns the wind pressures 
are measured directly by Osler’s self- 
registering anemometers, at others the 


\information is the run in miles of the 
|wind during each hour. There can ob- 
‘viously be no more than a general ac- 
cordance between this and the greatest 
pressure experienced during the hour. 
To utilize for our purpose observations 
taken at stations where the velocity only 
of the wind is recorded, the records of 
the Bidston Observatory, where both 
elements are recorded, have been em- 
ployed as furnishing a means of con- 
nection between the two. In the case of 
high winds, with which alone we have to 
deal, it was found that the greatest 
pressure recorded in an hour was toler- 
ably well proportional to the square of 
the mean velocity during the hour, and 
2 

that the empirical formulas 95 =P, where 
V=maximum run in miles of the wind 
in any one hour and P=maximum press- 
ure in pounds on the square foot at any 
time during the storm to which V refers, 
represented very fairly the greatest 
pressure as deduced from the mean 
velocity for an hour. We have accord- 
ingly given in the appendix a table cal- 
‘culated from the above formula for de- 
|ducing maximum pressures from ob- 
| served velocities. 

In addition to the tables obtained from 
| English, Irish, and Scottish stations, 
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‘iia are those only that are strictly | however, to us that some useful infor- 
applicable to our inquiry, we give as|/ mation might be drawn from another 
matter of information a summary of | source, viz., from railways themselves. 
strong winds registered at stations on| It is obvious that on existing railways 
the Continent and in India. 'that have been long in use, a series of 

It will be seen on reference to the experiments, if we may apply such an ex- 
tables that the wind pressures vary great- pression to them, have for many years 
ly at different stations. This, no doubt, | been carried on, for over them trains have 
mainly arises from difference of exposure | been running at all times of the day and 
of the stations to the action of the wind, | night on high and unsheltered embank- 
in consequence of the geographical and | ments, and along other spaces exposed 
local circumstances of their position, but|in many cases to very strong winds. 
may in some cases be partly caused by | Now,a wind pressure varying from 30 Ibs. 
differences in the instruments used for to 40 lbs. per square foot, is sufficient to 
measurement. Thus, at Glasgow the overturn the ordinary railway carriages 
highest recorded pressure per square | ‘that have been in use during the last 25 
foot is 47 lbs., while at Bidston, near | or 30 years, and we thought “it useful to 
Liverpool, the indicated pressure on one | inquire from the different railway com- 
occasion amounted to 90 lbs., and on| panies for cases where railway carriages 
another occasion to 80 lbs. But the} have been overturned by the force of the 
pressures at Bidston seem very abnormal, wind. The only cases of this kind that 
being much beyond what have been | have been brought to our knowledge are 
noticed at any of the other stations. The | appended to this report. From the in- 
conformation of the ground on which the formation thus acquired, from the in- 
Bidston Observatory stands is such that quiries we have made, and from the con- 
the velocity of the wind there might be | sideration we have given to the subject, 
greatly intensified. /we are of opinion that the following 

_ It will be noticed in the lithographs’ rules will sufficiently meet the cases re- 
that the records of exceptionally high | ferred to us: 
pressures indicate a very brief duration.| (1) That for railway bridges and via- 
From inquiries we have made, we are! ducts amaximum wind pressure of 56 lbs. 
satisfied that these records are not refer- | per square foot should be assumed for 
able to instrumental error, depending on the purpose of calculation. 
the recording instrument being carried; (2) That where the bridge or viaduct 
by its momentum beyond the position of | is formed of close girders, and the tops 
equilibrium, under the wind pressure! of such girders areas high or higher than 
acting at the moment, but represent aj the top ofa train passing over the bridge, 
real phenomenon. But whether the ex-| the total wind pressure upon such bridge 
ceptionally high velocities to which such | or viaduct should be ascertained by ap- 
pressures are due extend over a consider- | plying the full pressure of 56 lbs. per 
able space in a lateral direction, or on the | square foot to the entire vertical surface 
other hand are extremely local, is a point | of one main girder only. But if the top 
on which we have not been able to find of a train passing over the bridge is 
experimental evidence. |higher than the top of the main girders, 

The differences of the wind pressures | the total wind pressure upon such 
observed at different stations led us to) bridge or viaduct should be ascertained, 
consider whether there were any other| by applying the full pressure of 56 lbs. 
modes of approximately ascertaining the | per square foot to the entire vertical sur- 
force of the wind for our purpose. There | fac e, from the bottom of the main girders 
are many buildings, tall chimneys, ship- | to the top of the train passing over the 
building sheds, &e, which probably would | ' bridge. 
not withstand pressures so extreme as (3) That where the bridge or viaduct 
those we refer to; but in most cases the | is of the lattice form, or of open construc- 
contour of the adjoining ground, and the | tion, the wind pressure upon the outer 
obstruction to wind by adjoming build- ; or windward girder should be ascertained 
ings, trees, and other surrounding ob- | by applying the full pressure of 56 Ibs. 
jects, would render conclusions drawn | | per square foot, as if the girder were a 
from such cases unreliable. It occurred, | close girder, from the level of the rails to 
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the top of a train passing over such|which the girders are open or close; 
bridge or viaduct, and by applying in ad- | where the girders are so open as to afford 
dition the full pressure of 56 lbs. per| insufficient protection, or where trains 
square foot to the ascertained vertical | run, as in some cases they may do, on the 
area of surface of the ironwork of the| tops of girders, we assume that the en 
same girder, situated below the level of| gineer will provide a sufficient parapet, 
the rails or above the top of a train} but we are indisposed to go further into 
passing over such bridge or viaduct. The | detail on this subject, as it might tend to 
wind pressure upon the inner or leeward | stereotype modes of construction which 
girder or girders should be ascertained, | we think is undesirable. 
by applying a pressure per square foot} In conclusion we beg to point out that 
to the ascertained vertical area of surface the velocity of wind, like that of every 
of the ironwork of one girder only, situ-| other moving body, is more or less re- 
ated below the level of the rails or above | tarded by friction, and will be affected, 
the top of a train passing over the said | therefore, by the character of the sur- 
bridge or viaduct, according to the fol-| faces over which it has to pass, which 
lowing scale, viz: ‘may be rough, smooth, or irregular. It 
(a) If the surface arga of the open | will follow, therefore, that, other things 
spaces does not exceed two-thirds of | being the same, greater velocities will be 
the whole area included within the out- | retained at higher altitudes than at low 
line of the girder, the pressure should | | ones, the wind at higher altitudes being 
be taken at 28 Ibs. per square foot. | further removed from retardation by 
(6) If the surface area of the open | friction. 

spaces lie between two-thirds and Though we are of opinion that no 

three-fourths of the whole area in- 

cluded within the outline of the girder, such a situation as to expose it to wind 
the pressure should be taken at 42 lbs. | | pressures equal to those which have been 
per square foot. | occasionally indicated by the disc on the 

(c) If the surface area of the open| Bidston Observatory, yet even if that 
spaces be greater than three-fourths | | were possible, a bridge or viaduct con- 
of the whole area included within the | structed according to the rules we have 
outline of the girder, the pressure; given would not be subjected to the 
should be taken at the full pressure of| strains nearly equal to its theoretical 

56 Ibs. per square foot. | strength. 

(4) That the pressure upon arches and| On the other hand, there will be many 
the piers of bridges and viaducts should | structures of small altitude or in shelter- 
be ascertained as nearly as possible in | ed situations which never can be exposed 
conformity with the rules above stated. | to the wind pressure we have assumed, 

(5) That in order to ensure a proper | ‘and where the application of the rules 
margin of safety for bridges and viaducts | we have given would require modifica- 
in respect of the strains caused by wind | tion. 
pressure, they should be made of suffi-| Some modification of the rules may 
cient strength to withstand a strain of also be required in the case of suspension 
four times the amount due to the press- | or other bridges of very large span, but 
ure calculated by the foregoing rules.|such cases will be of rare occurrence, 
And that, for cases where the tendency and we recommend that they should be 
of the wind to overturn structures is | specially considered when they arise.— 
counteracted by gravity alone, a factor! We have the honor to be, Sir, your most 














of safety of 2 will be sufficient. | obedient servants, 

With regard to the eighth paragraph of Joun Hawksuaw, 
the report of the Select Committee on W. G. Armstrone, 
the North British Railway (Tay Bridge) | W. H. Bartow, 
Bill, to which you have drawn our atten- G. G. Sroxgs, 
tion, we beg to observe that where trains | W. Youvanp. 


run between girders they will generally, We, the undersigned, concur in the 
be sufficiently protected from the wind, | | |above report so far as it goes, but we 
the degree of protection afforded by the | think the following clause should be 
girders depending upon the extent to' added, viz: 
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The evidence before us does not enable | become a question whether some relax- 
us to judge as to the lateral extent of the| ation might not be permitted in the re- 
extremely high pressures occasionally | quirements of this report. 
recorded by anemometers, and we think 
it poets that experiments should be - My s —— 
made to determine the question. If the pricks 7 
lateral extent of exceptionally heavy gusts| The following is the table above re- 
should prove to be very small, it would! ferred to as given in the appendix: 


Winp VELociITIES AND Pressures. 











Maximum, Maximum | Maximum! Maximum | Maximum [Maximum || Ma&imum |Maximum 

hourly run pressure | hourly run} pressure || hourly run) pressure | hourly run) pressure 
of the | in Ibs. on ofthe |inlbs.on | of the | in Ibs. on of the | in Ibs. on 
wind in |the square | wind in | the square | wind in the square * | wind in /|the square 


miles. | foot. | miles. | foot. || miles. foot. | miles. | foot. 


| a 














40 160 836|| «3956 | S814 m1 | 504 | 86 | 740 
41 16 8 57 | 885 2 | 818 | 8 | 7 
42 176 . 58 | «S886 7 | §8°3 | 98 | [74 
43 185 =| 9 34°8 74 86| «64806 | Cl 89s] 792 
44 | 19°4 60 =| (86-0 7 | 562 90 81:0 
45 202 | 61 872 | 76 578 = || SO 828 
46 212 | 62 384 | 7 | 508 |} 9 84.6 
47 | 221 | 63 39°7 | 78 608 | 93 86°5 
48 | 230 | 64 410 | 79 62-4 «|| = 94 88-4 
49 24-0 65 42-2 80 640 3 || 95 90.3 
50 25:0 66 43°6 81 66 | 9%6 92-2 
bt 26-0 67 44-9 2 672 =| S97 94-1 
5 | (270) | 68 462 | 88 689 || = «98 96-0 
nn nn 476 =| 8 76 86©|| 99 98-0 
54 | 292 | 0 490 | 8 | 722 || 100 1000 
5 =| «802s | | 








THE PROPOSED INDO-MEDITERRANEAN RAILWAY. 


By COMMANDER V. LOVETT CAMERON, C.B., D.C.L., R.N. 
From the “Journal of the Royal United Service Institution.” 


Tue subject to which we have to turn | strategically, commercially, and political- 
our attention to-day is one of vast im-jly to connect the Persian Gulf and the 
portance to this country, and since the | Mediterranean Sea, by a line of railway 
days of General Chesney has never been | which ultimately may be prolonged so as 
lost sight of by some among us, al-/to join our Indian railway system. 
though the startling occurrences of} I will now describe the country I 
modern history have often caused the’ traveled over, having a special reference 
general ideas of the English nation to! to railway construction. 
be turned in other directions. From Cyprus I went by steamer to 

_The subject of railway communica-' Beirut, and then when we had coliected 
tion between the Mediterranean and/our baggage animals, we crossed the 
Persian Gulf has already been discussed | Lebanon into Cele Syria, by the French 
here, and it is with feelings of diffidence; road between Damascus and Beirut. 
that I venture to give my opinions on} Turning northwards at Shtaura, we went 
the subject, knowing that every author-/up the valley between the Lebanon and 
ity hitherto has differed as to the line to! Anti Lebanon to Homs. At Homs we 
be followed, and that I myself agree} were assured that the best pass between 
with no one as to the precise route, | the sea coast and the fertile plains of the 
though I do in the main idea that it is of |interior lay between it and Tripoli. I 
the utmost importance to us as a country | had, before this, the intention of going 
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to the sea coast near the mouth of the | whilst precisely the reverse is the case 
Nahr el Kebir, and northwards along the with the other. 
coast to. Latakia, in order to look fora! The Romans, in forming their road 
practicable pass in the mountains; this | into the interior, took advantage of this 
news determined me to go to Tripoli, | peculiarity, and in many places their an- 
and thence, if it proved correct, work) cient causeway might be utilized in the 
back again to Homs. construction of a railroad, although, of 
A Zaptieh was given us as guide, who | course, in some cases the gradients would 
was said to know the best way, but who be too steep. From the watershed 
took us the shortest way, and the one (highest point 1,100 feet) at the head of 
now followed by many of the caravans; these wadys a gentle slope leads to the 
this road, however, did not seem very | fertile plain of the Lesser Bukéa (level 
promising, as the plains which fringed 720 feet); this crossed, a second line of 
the sea were separated from the plateau hills has to be crossed, but for only 
we had been crossing by an almost pre- about 3 miles did any difficulty present 
cipitous descent, down which wound a itself,and that might be easily overcome. 
narrow, slippery, zigzag path. But when | In crossing this plain, 180 feet was risen 
we arrived at Tripoli, we were told by our | almost imperceptibly, and then for the 
Vice-Consul, Monsieur Blanche, who has | first 3 miles to Hadeedy, 300 feet more 
spent many years there, and is well ac- would have to be ascended, or a gradient 
quainted with the topography of thesur-|of 1 in 60. From Hadeedy 350 feet 
rounding country, that we had been more would have to be risen to arrive at 
brought the shortest line, but not the 'the highest point between Homs and the 
best, as by going round a little way and |sea. Here the steepest gradient would 
following the line of the old Roman road, | not be above 1 in 80. Some old Roman 
we should find an easy route from the bridges show that once there were rivers 
coast plains into the interior. ‘running on this piece towards the Lake 
Tripoli is now a place of less import- of Homs, and some provision would 
ance than either Beirut or Iskanderun, | have to be made for the flood waters, 
but her position at the mouth of the |andat one place near Jisr Achan (Bridge 
most practicable pass into the interior | of Achan) it might be better to cross a 
insures for her a most important fu-| small valley by an embankment and cut- 
ture. She was in ancient times ating instead of making a detour to avoid 
larger and richer town than any of it, or by using heavy gradients. From 
her modern rivals, whilst her predecess- the highest point a very easy slope 
ors, Arvad of the Phoenicians, now the | brings the line down to the Orontes, 
desert Island of Ruad, was a competitor | which here can be easily crossed, and the 
with Tyre. ‘town of Homs is at once reached. Homs 
During all times but the most modern, |is even now a place of considerable im- 
the route which we took from Tripoli) portance, and is well situated as being 
back to Homs was the most important of|a point whence level roads diverge to- 
all those between the coast line and the| wards Damascus, Baalbec, and Hamath. 
interior. The Egyptians in their wars| Homs is also on the direct route to 
against the Hittites made use of it, and| Palmyra if at any time the Palmyrene 
the foundations of Kalaat Ibn Hosn, a! Railway should be decided upon, and, 
fortress which has played a part in many | therefore, is destined to be one day a 
a forgotten war and campaign, show great junction station. 
traces of their handiwork. As the; Any bodyof troops concentrated at or 
Egyptians invaded the Hittites before nears Homs, and having railway commu- 
the days of Moses, this position has long nication with Tripoli, would command 
been regarded as one of importance. the whole of Syria behind the ranges of 
The two wadys by which the higher level the Lebanon; grain, cattle, and sheep 
is reached join together very curiously are abundant, and addition to the water 
in the center of their length; and whilst | supplied by the Orontes and its affluents, 
below this junction one is too narrow | wells of no great depth (about 30 or 40 
and has its sides too precipitous to be of | feet) might be easily made where re- 
use for carrying a road up it, above this | quired. 
point it is wide and easily ascended, | If ever the Suez Canal is to be threat- 
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ened by an army marching from Asiatic | 
Turkey, that army would have to pass | 
through the districts around Homs, and 
a force there might easily be reinforced 
from Cyprus if the railway'to the coast 
be constructed. . 

There are the remains of large bar- 
racks which were constructed by the 
Egyptians during their occupancy of the 
country, and although now destitute of 
doors and windows, and looking in a 
ruinous and dilapidated condition, still 
they were so well built originally that 
they might easily be put in repair. 

The whole country is so flat that there 
would be no difficulty in moving troops 
in any direction, and if wheeled vehicles 
were imported, there is nothing to pre- 
vent their being used. Mules, camels, 
and horses are plentiful, and if the 
friendship of the Aneyzeh Arabs were 
secured, an almost unlimited number of 
camels might be procured at a very cheap 
rate. 

From Homs to Hamath, with the ex- 
ception of crossing the valley of the 
Orontes, at Rusta, there is scarcely any | 
work to be done, and the whole country 
is fertile, and, under a settled and just 
Government, the population, at present 
huddled together miserably in the towns, 
could be profitably employed in agricul- 
ture. 

The Orontes at Rusta runs in the bot- 
tom of a gully about 120 feet below the 
general level of the plain; here was 
once, as at all other important points, a 
Roman fortress which defended the 
passage of the river. The southern side 
of this gully widens out and slopes 
gradually just to the west of the village, | 
and an easy gradient would bring us 
down the first 60 feet from whence a 
viaduct of about 300 yards in length 
would take us to the north of the river. 
Here the line might either wind round 
the curve of the bluff, or a cutting 60. 
feet deep at the commencement, running 
down to nothing at the end, be made for 
a distance of half a mile. 

After this, as far as Hamath, the line 
might be laid on the surface, only level- 
ing, ballasting and drainage having to be 
attended to. 

At. Hamath, the Orontes would have to 
be crossed again for the third and last 
time, but as its valley widens out around 
the town, no difficulty would be met | 


with here beyond that of bridging the 


| stream. 


Hamath is one of the most ancient 
towns now existing in the world, and is 
constantly mentioned in the Pentateuch 
and other historical portions of the 
Bible. When we were there, it was 
crowded with Circassians who had been 


deported from European Turkey, and 


who here, as elsewhere, were a very great 
source of trouble to the authorities. 
Here, also, as at Homs, are old barracks 
which might be repaired, and the khans 
or caravanserais might also be used for 
the accommodation of troops. The 
Aneyzeh have more dealings with the 
Governor (Mutesarif) of Hamath than 


‘they have with the Kaimacan at Homs, 


and perhaps, therefore, this might be a 
better spot to collect camels from them. 
The land which is irrigated by the Oron- 
tes is most fertile, and if modern systems 
of raising and distributing the water 
were used instead of the cumbrous and 
clumsy wooden wheels and antiquated 
aqueducts, it might be enormously in- 
creased in extent and productiveness. 

At Hamath, the vailey of the Orontes 
is gradually left, and the whole distance 
thence to Khan Shaykh Khaun is almost 
perfectly level, the only works necessary 
being bridges over three river beds, 
which in the rainy season carry the flood 
water from the higher land on the east, 
down to the Orontes. 

‘Lhe khan here is an old building, at 
all events, dating from the days of the 
crusaders, and would afford shelter to a 


‘large body of men and stores, and would 


be perfectly defensible against every- 
thing except artillery, and the outer 
walls are so thick and solid that it would 
require a long-continued fire from the 
heaviest field guns to breach them. 
Water is here obtained from wells and is 
not very good; if the wells were bored 
deeper the supply would be more abund- 
ant and most probably purer. An old 
stone-lined tank lies outside the south- 
east corner of the khan, but it has been 
neglected and is now useless; doubtless 
it might easily be repaired, and if care 
were taken, every year’s rains would fill 
it and afford a supply for the months of 
drought. 

At Khan Shaykh Khaun, the hills 
which form the edge of another plateau 
are reached, and an easy ascent leads to 
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their summit. An average gradient of 
1 in 120 would, by following the curves 
of the hills, bring the line to the highest 
point between Khan Shaykh Khaun and 
Marah. Marah, which lies in a slight 
valley, may be reached by a gradient 
averaging 1 in 250, and thence again the 
level of the plateau may be equally easi- 
ly reached. Though anciently all this 
country was covered with large and 
wealthy towns, it is now quite. bare and 
deserted. Immediately round Marah are 
vineyards, and wheat is cultivated, but 
the people live in dread of the Bedouins, 
and dare not go far afield. The khan 
here is even larger than that at Shaykh 
Khaun and was repaired by Ibraham 
Pasha. It might easily be converted 
into very good ‘barracks, and there are 
the ruins of an old Genoese castle which 
might also be utilized. The town itself 
is mean and miserable, though if the Kai- 
macan was to be believed it was very 
prosperous and exported large quantities 
of grain and raisins. — 

Some idea of the want of order that 
exists about here may be drawn from the 
fact that some Bedouins made a dash 
right into the khan, and drove off some 
mules, though their owners outnumbered 
them by more than two to one, and even 
when the Zaptieh were appealed to, they 
refused to follow the raiders. 

From Marah a slight rise brings one 
again on to the higher level, which if it 
were not for the purpose of collecting 
the traffic of the town and district, need 
not have been quitted; thence to close to 
Aleppo, the whole road is practically a 
level one. Around Marah are an en- 
ormous number of ruins, dating from the 
latter days of the Byzantine Empire; 
these show that once the whole of this 
country was densely populated; and as 
we went along we saw several small 
towns and villages besides the important 
one of Idlib, and numerous villages. 
The smaller towns and the villages are 
now, or were when we passed by, greatly 
troubled by the Arabs. Some years ago 
the Arabs of the desert used to levy 
blackmail from their inhabitants, who 
are also Arabs, and in return used to 
prevent the Turkish tax gatherers from 
collecting the taxes. The then Wali of 
Aleppo, in order to meet this difficulty, 
organized a corps of rifles, mounted on 
mules, who were able to keep the Bedou- 
ins in check, and the peasantry paid taxes 


to the Turks instead of blackmail to the 
Aneyzeh. The needs of the Porte dur- 
ing the Russo-Turkish war led to this 
corps being sent as infantry to join the 
army in the field, and now the Aneyzeh 
have extorted blackmail, and what they 
are pleased to consider the arrears, and 
also allow the taxes to be collected, the 
peasantry, therefore, are in greater straits 
than ever they were. At Khan Tomaun, 
near Aleppo, the caravan road from the 
south leads over some stony hills, but by 
following the valley of the River Halep, 
an easy and level road may be found. 

Aleppo in ancient days was the princi- 
pal emporium of Eastern commerce, and 
at present it is calculated that 80,000 
camels are employed in her carrying 
trade, 10,000 of which are to be found 
between Aleppo and Iskanderun. 

The barracks built by Ibrahim Pasha 
are capable of holding 10,000 troops, 
and there is a very fair military hospital 
which, at the time of my visit, was occu- 
pied by deported Circassians. The khans, 
which are numerous and spacious, would 
also lodge large numbers of men, and 
there are many large houses belonging 
to merchants and private individuals, as 
well as arcaded bazaars, which miglit all 
be utilized in the case of necessity. The 
citadel is in a very ruinous condition, but 
a great portion might be roughly repaired 
and rendered of use. 

Owing to the commercial importance 
of Aleppo, and the number of pack ani- 
mais constantly passing through, trans- 
port and supplies for a very considerable 
body of men might easily be collected 
there, and as it commands the routes to 
Syria, Iskanderun, Aintab, and those of 
the Euphrates Valley and Mosul, it will 
always be a place of the greatest strat- 
egical value. 

If the line were commenced, as most 
people consider it should be, at Seleucia 
or Iskanderun, very much greater engi- 
neering difficulties would have to be en- 
countered than by the route I have traced 
out, the fertile regions around Homs, 
Hamath, and Idlib would be left unpro- 
vided for, and if an army from the north 
or east had managed to possess itself of 
Aleppo, there would be no means of 
opposing its advance on the Suez Canal, 
through Syria and Palestine, whereas, 
even if Aleppo should be in an enemy's 
hands, we could by the line I advocate 
pour in troops and supplies from Tripoli 
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on Homs, and there make a second stand | large quantities, told me he often dis- 
to cover our great waterway to the East. | patched over 600 camels to the coast, 
Proceeding eastwards from Aleppo as loaded with wheat, in one day, and some- 
far as Tedif, a small town, four miles} times had sent off 1,200 in one caravan. 
from Bab, where there are barracks,, There are some very good barracks in 
which might be made to contain 2,000! good repair, which would hold three or 
men, the ground is quite level, and then! four battalions of infantry, and the 
some gentle undulations would have to| khans and the Government buildings at 
be crossed before arriving at Hierapolis Serai might also be utilized. The old 
(Mombedj). Here are settled some Arabs, | walls round the town are, in many places, 
who claim to belong to the great Aneyzeh | in fair condition, and on the sides to- 
tribe, and who are especially friendly to| wards the plain there is a deep ditch, 
the English, as are all the inhabitants of | almost a ravine. ‘lhe place might easily 
the surrounding country, except some of | be made defensible against troops unpro- 
the deported Circassians, who are enemies | vided with siege artillery. 
to every one, including themselves., Crossing the plain from Urfa, and 
These Arabs would be of use in con-| keeping under the mountains which form 
structing a railway, and from them and;|the boundary between the Northern 
their relations in the desert might be | Mesopotamian Plain and the high lands 
gathered a number of hardy horsemen, of Armenia and Kurdistan, we should 
who, with a little training and teaching, | for a short distance have to pass through 
might render invaluable service in war | low and rounded hills, where some slight 
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time as scouts and also for harassing 
the convoys of an enemy. 

From Mombedj the most level line to 
the Euphrates would be to the embou- 
chure of the Nahr Sadshur, where a 
bridge might be easily constructed at a 
camel ford; the Romans indeed bridged 
the river a little lower down and where 
the water is deeper, and I can conceive 
no difficulty to a modern engineer in 
constructing a bridge across a river 
where the greatest depth of water would 
be four feet, and where the foundations 
of many of the piers might be made on 
islands and shoals which are dry for the 
greater portion of the year. 

When the river is crossed, some insig- 
nificant hills have to be passed through, 
and then the plain, level as a billiard 
table, on which are situated Haran and 
Urfa, is reached. Haran is now only 
inhabited by a few sedentary Arabs, but 
there are the remains of the Roman 
camps and also of the castle, church, and 
fortifications built by the Crusaders un- 
der Baldwin and his successors, Counts 
of Urfa. 

Urfa, itself, is a place by which a great 
deal of trade passes, being situated at 
the foot of the hills over which the road 
to Aleppo via Bir-ed-jik runs, and most 
of the traffic between Aleppo and Mosul 
and Diarbekr passes by. Monsieur Mar- 
tin, the French Vice-Consul, who owns a 
considerable amount of land in the 





neighborhood, and also buys grain in 


works might be necessary; but once 
these hills are passed, an unbroken 
plain extends away to the east of Nisi- 
bin. 

At the southern end of the Karaja 
Dagh there is a break in the line of 
mountains, and an easy road or a branch 
line, might be made to the important city 
of Diarbekr. 

Diarbekr is still enclosed within walls, 
of what date it is difficult to say, but the 
curious way in which carved and sculp- 
tured stones of different periods are 
placed in juxtaposition tells something of 
the many vicissitudes through which the 
city has passed, 

Of old the capital of Armenia, it even 
now is one of the most important points 
in these regions. When the railway 
through Anatolia from the Bosphorus is 
constructed, Diarbekr is sure to be one 
of the places through which it will pass. 
It commands the passages of the Tigris, 
and an army corps having its head-quar- 
ters at Diarbekr ought to command the 
upper waters of both the Tigris and 
Euphrates, and be able to prevent an army 
advancing from Kars and Erzeroum, 
on Syria or Baghdad, from utilizing these 
rivers for the purposes of transport. 
Diarbekr is even of more account in the 
present day because of her bridge than 
because of her walls and ancient churches 
and mosques. The same story may be 
read in the stones of the bridge as in 
those of the walls, and its earliest parts 
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most probably date from before the| her constant enemies, the Persians. Both 


Christian era. 


are only now small places of no great im- 


Returning to our main line, we soon| portance; but, lying as they do in 
pass under the famous town of Mardin, | districts of great fertility and well water- 


perched up in the mountainous crags 
that overhang the plain like the eyrie of | 
an eagle. Mardin is the one place which 
held out successfully against the else-| 
where-victorious arms of Timour. 

From the ruins of the old citadel, a 
most extensive view is obtainable, and the 
range of the Sinjar hills which extend 
from Mosul to near Palmyra for some of | 
the distance, being known as the Abdul 
Aziz Mountains, bound the southern | 
horizon. Mardin dominating the plain 
in the manner it does, and being easily 
capable of being rendered impregnable, 
would form a most important position in 
the defence of the line, and no army ad- 
vancing from the east could dare to pass 
such a post unless it were masked by a 
force far superior to its garrison; and, 
even then, as to surround Mardin is 
almost impossible, a daring body of 
cavalry having it as their point duppui | 


might so harass the communications of | 


troops advancing either from the north- 


ed, there is no doubt that they will, when 
loute more in communication with the 
outer world, show signs of renewed vital- 
ity. Though at the time we were at 
|Nisibin there was sickness there, all the 
| surrounding districts were perfectly 
healthy. 

From Nisibin we at first went along a 
plain, about which were dotted several 
‘Villages aud the ruins of more: many of 
the latter were quite of recent date ; in- 
deed, the Christian Chief of Asmaur told 
us that ten out of twenty villages inhab- 
ited by Chaldean Christians had been 
destroyed during the previous twelve 
months. After passing this district 
around Asmaur, we went across a coun- 
try once inhabited and covered with 
towns, but now only affording pasture to 
the flocks of nomad Kurds or Bedouins, 
until close to the Tigris just above 
Mosul. 

The whole of the country traversed 
between Urfa and Mosul was once popu- 





east or east, as to cause serious anxiety | lous, prosperous and well cultivated, and 
to their commanders. |it is only owing to the apathy of the 
South of Mardin, around Ras el Ain, inhabitants that wells and watercourses 


are the settlements of a number of Cir-| have been allowed to become choked up, 
cassians, and beyond them the mountains | and forests destroyed, so that what was 
of Abdul Aziz and the tribes of the desert. | once a smiling garden is now in parts, 
Though the Circassians are as bad as for some months of the year, a parched 
their ‘fellow-countrymen elsewhere, still| and arid waste. 

they have some good military qualities,| In the wars between the Parthians or 
and proper discipline might furnish a) Persians and the Romans, armies, often 
valuable body of cavalry. The Arabs, | consisting of over a hundred thousand 
trained in ghazous and raids, and living | men, traversed this country in every 
under the open Heaven, have their per- direction; and if what history relates of 


ceptive faculties sharpened to the utmost, | luxurious camp-equipage of these ancient 





and would be most invaluable as scouts | 


and to collect information. A man who | 
can steal a mare from the center of the 
encampment of a rival tribe, though | 
crowded with dogs and cattle, could pene- | 
trate into any camp of ordinary soldiers, | 


and bring away in his memory every 
material detail. On both sides, there- 
fore, the holders of the line, if they also 
have had the tact necessary to make 
friends with their neighbors, would be 


possessed of local means of defence | 


against any enemy. 

After leaving Mardin we pass by the) 
towns of Dara and Nisibin, ancient rivals | 
and frontier posts of Imperial Rome, and 

Vor. XXV.—No. 5—29. 


/warriors be true, they must have been 
even more hampered and encumbered by 
non-combatants and beasts of burden 
than any modern force, and must have 
everywhere found grain, water, and 
forage in abundance. As matters are at 
present, it would be a difficult matter in 
extra dry seasons to march a force from 
'Urfa to Mosul by this line, though with 
very little trouble in the construction of 
wells, there would be no difficulty what- 
ever. As far as I could judge from the 
| appearanae of the land and the dip of the 
strata, in no place would it be necessary 
to go deeper than from 70 to 80 feet, and 


| usually a much less distance, before 
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reaching water; the rock to bore through 
would be a soft and friable limestone, 
easily worked, but possessing quite sufli- 
cient cohesion for the sides of wells 
to stand without any artificial means of 
support. 

Of course, if a railway were made 
here the first thing to be done would be 
to dig wells. A certain number of labor- 
ers might be found on the spot; but a 
Christian merchant and contractor told 
me he could place 4,000 families, or 
about 10,000 working men, at any place 
or places between Urfa and Mosul, and 
engage to keep them supplied with food 
whilst they should be employed. The 
cost of such labor, including food, should 
not be more than 1s. 6d. a man a day. 
The same merchant could also provide, 
more easily than any one else, carriage 
for stores and materials, and was so 
taken with the idea of a railway passing 
near him, that be said he would take 
£30,000 in shares, if it ever were made. 

Mosul is now surrounded bya wall, 
which was built a few years ago to pro- 
tect it from the raids of the Shammar 
Arabs, but which would be a snare and 
delusion to its defenders, as it is so bad- 
ly traced that long stretches of the ban- 
quette can be enfiladed by people lying 
behind the earth thrown up out of the 
apology of a ditch which surrounds it. 

The barracks and Government build- 
ings are outside the town, and might 
easily be made available for four or five 
thousand men. On the eastern side of the 
Tigris the mounds of the ancient Nineveh 
afford admirable opportunities for the 
construction of a tete du pont to protect 
the bridge across the river. Mosul com- 
mands a route to the northeast and east 
leading to Teheren and the Caspian, also 
one to Diarbekr and Jesireh, the great 
wool mart. Near Jesireh are valuable 
coal mines which, of course, would prove 
of great importance, and it would bea 
question to discuss how best to link them 
to the line at Mosul. 

At Mosul the question arises as to 
whether it would be better to cross the 
Tigris there, or continue on its right 
bank as far as Baghdad. If the river is 
crossed at Mosul, a very much more diffi- 
cult country would have to be traversed, 
two other rivers, the Greater and the 
Lesser Zab, would have to be crossed, 
and the railway would be open to raids 





on it from the east. If the right bank 
is followed, the railway is protected for 
its whole length by the river, and easy 
country is passed through, and the dis- 
tance is much less than if the railway 
passed by Erbil and Kerkuk, the only 
real advantage claimed by those who ad- 
vocate going to Baghdad from Mosul by 
the eastern side of the Tigris. Another 
advantage is claimed, viz., that on the 
east of the river the railway would be 
more defended from the Bedouins; but 
those who raise this chimerical objection 
forget that any of the railways proposed 
in those regions would be more or less 
exposed to such a danger if it did exist, 
and that the populations to the east of 
the river are just as likely or more likely 
than the Arabs, to damage a railway, 
whilst the Shammar Arabs, through 
whose districts the line on the right bank 
would principally run, are at present in 
alliance with and subsidized by the Turk- 
ish Government. 

Between Mosul and Baghdad there 
are no difficulties worthy of the name, 
and if a railway were constructed and 
irrigation and agriculture encouraged, 
the country would once again become 
densely populated. 

Baghdad is one of the largest towns 
of the Asiatic dominions of the Sultan, 
and is especially important to us as be- 
ing so intimately connected with our In- 
dian possessions. As the seat of the 
Caliphs, Baghdad, and before it the 
cities of Seleucia and Ctesiphon, was 
once the center of the civilized world, 
where learning and arts, commerce and 
science, had progressed further than 
they had in Europe, and though it can 
never be expected that she will regain 
all her ancient wealth and prosperity, 
still it may be confidently said that when 
the principal city of the richest prov- 
ince of Asiatic Turkey is once more in 
easy communication with the rest of the 
world, she will again become one of the 
greatest of marts. 

Steamers from Baghdad to Bassorah are 
now running, two English and six Turk* 
ish, besides which the Bombay Marine 
steamer “Comet” is at the disposal of 
the Resident. The difficulty of the navi- 
gation is such that it is rare indeed that 
the passage is accomplished in less than 
four days, and the cost of the double 
transhipment of goods, and the delays 
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consequent thereon, would go far to neu- 
tralize the advantages gained by the rail- 
way. Baghdad can never, therefore, be 
a terminus—an important station she is 
and always will remain. As Baghdad 
cannot be a terminus, where shall we find 
one? Kweyt and Bassorah have both been 
proposed ; Kweyt is disposed of by the 
tact that it is on the wrong side of the 
Persian Gulf, and therefore when (as 
without any spirit of prophecy it may be 
asserted will be the case) the line is con- 
tinued on to meet our Indian system, 
the Kweyt portion of the line would 
only serve a very small and very local 
traffic. Bassorah is debarred by the fact 
that the land around it is so low and so 
easily flooded, and is so liable to have 
channels cut in all sorts of unforeseen 
directions by these floods, that the con- 
struction of a railway to that place 
would be costly in the extreme, and its 
maintenance scarcely practicable. 
Where, then, shall we look for our 
temporary terminus? At Abushire, “ the 
father of ports.” I know the portion of 
the line I am now going to advocate has 
been condemned by Mr. Blunt, who 
traveled with his wife, Lady Anne, from 
Baghdad to Abushire (Bushire) by land, 
and who I have heard assert that it 
would be utterly useless to construct a 
railway there, that such a railway would 





be of no value and never pay. With all 
respect for Mr. Blunt I venture to differ 
from him, notwithstanding his personal | 
and local knowledge of this portion of 
the line. A very large trade between | 


account of soil or climate, but on 
account of the blighting misrule under 
which they have groaned for centuries. 
These very rivers, especially the Karun, 
will be our greatest friends, and will en- 
able us to transport our matériel to the 
required positions at a minimum of time 
and cost. From Dilam, where the coast 
should be reached, the shores of the 
Persian Gulf should be followed as far 
as Bushire. Here for the time the rail- 
way might rest, but as the Eastern 
Question develops, so will the continua- 
tion to Kurachi and a line from Mosul to 
Herat and Kandahar become more and 
more plainly necessary. As we have to 
consider, in a line of this sort, its future 
developments, and as no doubt it is des- 
tined to form one system with the rail- 
ways of India, it is right and fitting that 
the guage should be that of the trunk 
lines of the Indian Empire. One great 
Power, in her consciousness of the dan- 
ger of more civilized nations penetrating 
her shell, has deliberately broken the 
guage at her frontiers; we should benefit 
by the lesson thus taught, and in con- 
structing these lines make them more 
readily available to ourselves, to whom 
they are of most importance, than to 
possible rivals. 

Bushire and Tripoli, at a comparatively 
small expenditure, may be made into 
good harbors and quays, and wharves 
could easily be constructed at both 
places so as to avoid the necessity of 
|using cargo boats. 

I have thus endeavoured to trace the 


India and Baghdad already exists, and|course of what I hope may be the first 
even now people from Bushire go to! section of the Indo-Mediterranean Rail- 
Baghdad by sea in large numbers. The) way. Instead of its being a rival to the 
holy places of the Shiah Mahommedans| Suez Canal it would prove a most im- 
attract enormous numbers of pilgrims;) portant ally, and would enable us to 
Samara alone is visited by upwards of| thwart any attempt on our present lines 
30,000 every year, and many a pious heir | of communication with India. 
brings the corpse of his father to be in-| By steamers from our now first-class 
terred in the holy soil. This traffic, and| port of Kurachi to Bushire, troops could 
the trade resulting therefrom, would all| be conveyed from our Indian possessions 
be taken by the railway. | to the railways which would place them 
He says that the country is uninhab-| in the commanding positions in the battle- 
ited and uncultivated, but complains of| fields of Armenia, there to find them- 
the number of rivers he had to cross. | selves met by their brothers in arms ar- 
A river properly used in these latitudes| riving from Cyprus and other places 
means wealth untold to the lucky per- a’ armes in the Mediterranean. 


sons who can avail themselves of its| 
waters, and if these countries are not 
prosperous at the present moment, it is 
not from any physical incapability or on 





At Cyprus we havea port, Flamagusta, 
where ironclad ships could lie in perfect 
safety only six hours distant from the 
terminus of the railway, and from Cyprus 
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we could at a moment's notice transport 
men to stop revolts,barbarities,and atroc- 
ities in the greater portion of Asiatic 
Turkey. The knowledge that we could 
do so would prevent horrors such as 
have, in Bulgaria and Roumelia, disgust- 
ed the civilized world, and which still 
leave their poisonous effects behind 
them. 

If the Suez Canal should ever be block- | 





which I will presently state. I prefer the 
Tigris route because along the Tigris 
there are towns and places of commercial 
importance, whereas on the Euphrates 
there are none; between Biredjek and 
Bassorah there is hardly a town or even 
village of any note. On the other line 
there are Diarbekr, Mosul, Arbil, Kerkuk, 
and Baghdad. Those places could, no 
doubt, well support a small local railway. 


ed (a matter by no means difficult of ac- But if the railway be constructed in a 
complishment), or Egypt and the Canal) costly manner, as a means of military 
fall into the possession of a hostile communication, it would never pay, and 
Power, it is to the Ende-Ieedieemanen | conpoquantty I believe would fall into 
Railway that our navy and army would slovenly management, and if ever it 
have to look for assistance in maintain-| were worked would prove a thorough 
ing our wonted communications with| failure. I believe no through traffic 
India, or to recover our control over the | would pass over it, even in time of peace, 
great highway for ships. as no merchant in the world could afford 

I fear this has been a long and weari-|to employ that route. Suppose the line 
some paper for those who have listened | were continued as far as the head of the 
to it, but railways do not belong to the Persian Gulf, the transhipment there and 
days of romance and comedy, but to the at the other side would cost an enormous 








work-a-day world of the 19th century. {amount of money, and seeing how little 


Lieutenant.Colonel Bateman CHAMPaIN, 
R. E.: It seems to me that this question | 
is one of very great importance, and 
that you. Sir, and every one present will | 
be glad of anv light, however smail, that | 
can be thrown on the general question | 
raised by the paper to which we have} 
listened. I have twice ridden up the, 
Tigris Valley from Baghdad, once to the | 
Black Sea,and once to the Mediterranean, 
along a great part of the road that has 
been so well described by Commander 
Cameron this afternoon. I merely men- 
tion the fact of my having personaily 
visited the country as an excuse for my 
venturing to say one or two words. If 
Asia Minor or Mesopotamia belonged to 
the British Government, I, for one, 
would consider it our bounden duty to 
make roads and railways in every direc- 
tion. I agree with Commander Cameron 
in thinking that it is one of the richest 
countries in the world, and every one 
knows that it has been suffering from 
ages of misgovernment. But I would, 
as far as my Own opinion goes, protest, 
as strongly as I have done before, 
against the idea that the Euphrates Rail- 
way or the Tigris Valley Railway would 
be a really good and sound means of 
military communication between England 
and India. Of the two, decidedly I 
would prefer the Tigris Valley, but I ob- 
ject to the whole scheme, on grounds | 





is paid for freights now-a-days to and 
from India, it is absurd to suppose that 
any kind of merchandise would pay the 
enormous extra cost that would be entailed 
simply to gain four or five days, and I do 
not think more would be gained in prac- 
tice, because the line could not be work- 
ed at express speeds. Scarcely any 
through travelers would use the line. 
The climate is for three or four months 
in the year exceedingly pleasant, but 
any one who knows what it is to be 


\cooped up for three or four days in a 


railway carriage, even in these temperate 
climates, will admit that such traveling 
is exceedingly uncomfortable, even when. 
one has a whole compartment to one’s 
self. But to box up twelve or thirteen 
soldiers in a third-class carriage, and 
carry them through that arid, dusty 
country, would be nearly impossible for 
nine months of the year. The health and 
strength of the men would be destroyed 
unless you could break the journey two 
or three times, and in that case you 
would lose all the advantages this route 
professes tooffer. The thermometer has 
been known to register at Bassorah as 
much as 126° in the shade--an excess of 


‘heat which could not be borne by men 


packed closely together. On board ship 
great heat is bad enough, but it is sup- 
portable. Life on the Red Sea is, no 
doubt, at times unpleasant, but to be 
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cooped up in a railway carriage for a long which it passes. I mention all this, which 
journey like that, from the Mediterranean | appears a complicated problem, because 
to the Persian Gulf, would be intolerable. I was compelled to think of it, whether I 
The worst part of the whole journey to chose or not, in all these different as- 





India is thought by many to be the rail-| 
way from London to Brindisi. Crossing | 
the Isthmus of Suez is also generally | 
looked forward to with a certain amount | 
of distaste, and the bother of disembark- 
ing and re embarking at Alexandria and 
Suez is very great. That being the case, 
I assert that the line under discussion, 
unless it is to depend entirely on its” 
local traffic, cannot be pronounced a de- 
sirable undertaking. With regard to 
going down the river from Mosul, I am 
certainly inclined to think that the left 
bank is the proper one to follow; you 
traverse a much richer country and pass | 
through several important towns. As to | 
the Arabs and Kurds, though I have} 
nothing to say against the former, still | 
they are a difficult people to control, and 
nobody can calculate on making the 
camel journey from Baghdad to Damas- | 
cus without being robbed ; but, generally 
speaking, any one can ride,as I and others | 
in this room have done, through the Kurd 
country without molestation, and that is 
the line which has always been chosen by 
the Turkish Government for its post 
road, its telegraph, &. Finally, I can- 
not agree with Commander Cameron in 
his remarks on the eligibility of Bushire 
asa port. No ship of any size, drawing 
more than twelve or fourteen feet of 
of water, can get within three miles 
the place. 

Mr. Scorr Russetz, F.R.S.: As I have 
had the pleasure, I may call it, of exam- 
ining that country with the view of 
carrying through it a railway which 
might be commercially profitable, and 
which it might be strategically wise 
for England to promote, I will venture 
to make a few remarks upon this 
paper, and I will call attention to the! 
necessity in dealing with this subject of 
taking three quite distinct views. First, | 
you must consider the relations of this | 
railway to through communication 
through Europe with the Indian Empire. | 
You must then consider it with special 
relation to English interests. And, | 
lastly, you must do what is perhaps still | 
more difficult for us to do, consider it with 
a view to developing the interest and the 
prosperity of the countries through 


pects. Iwas asked by the representa- 
tives of several Governments to tell them 
what, after examination, I considered the 
best route from Belgrade to the Persian 
Gulf. Asan Englishman my feelings did 
not stop there. We English have too 
many friends in India not to think, when 
there is any talk of such a communica- 
tion, how we can easily and most con- 
veniently visit our friends in India or 
have their visits paid to us, and, there- 
fore you will pardon me when I say that 
I could not make up my mind to stop at 
the Persian Gulf, and was obliged to go 
on untilI got to Kurachi. I examined 
that line (1) as a professional engineer, 
who, in his early life, was engaged in the 
construction of railways, before he began 
to construct steamships. (2) After that 
I was obliged to look atitas an Hnglish- 
man ; and (3) strategically. 1, therefore, 
went toour most distinguished strategist 
at the War Office, Sir Henry Storks, 
who I am sorry to say is now dead. He 
was good enough to initiate me into all 
his views with regard to the strategical 
value, advantages and disadvantages of 
certain lines of railway in Asia Minor, in 
Turkey, and in Persia. I discussed with 
him the whole of these questions, and 
received from him the best possible ad- 
vice. You may think it curious that I 
should have got allthis advice from the 
various States who were interested in this 
railway, but I tell you that there was no 
merely mercantile object in view; it 
was entirely an international object ; 
and for that purpose I made the investi- 
gation. I therefore looked at this rail- 
way, which is now proposed, and which, 
if you please, I will call the “ Mediterra- 
nean and Persian Gulf Railway,” in its 
relation to the great through interna- 
tional communication, and I found that, 
although it might be very good as a local 
railway, yet, as an element of through 
communication, it was notall thatI could 
desire. With regard to Commander 
Cameron’s special line, there are qualities 
in that line which I have not seen in any 
others, and they are these: that the line 
he proposes, although not of high value 
as a thorough independent line, would, 
to a considerable extent be a better ad- 
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junct to a general international commu- | of a through route to India, and I would 
nication than any of the other lines I| also entreat them to take another view, 
have seen proposed, called “ Euphrates | which does not seem to have been taken. 
Valley Lines.” In the system of inter-|If in each of those countries you 
national railways, which I wascompelled | have to pass through, you will begin 
to examine, we came to certain points by laying out a system of railways, 
from which we sent off branch lines designed in the first instance for develop- 
exactly resembling those laid down by | ing the wealth and commerce of these in- 
Commander Cameron. Allow me to say, | dividual countries, and if you will first 
further, that you must consider this in-| of all study the structure of the mount- 
ternational railway in a strategical point | ‘ains and the valleys of that country, with 
of view. I had the advantage of the|a view to the formation of paying local 
assistance of one of the most dis-| railways, you will find, when you have 
tinguished railway authorities in Eng- laid out a systematic group of railways 
land, and a Royal Engineer of great | for Turkey and Asia Minor, and ‘for 
eminence, and also of the assistance of | Persia, and when you have systemati- 
an engineer officer in the service of the| cally connected our Empire in India 
Turkish Government. I had all the plans|through Afghanistan and Beloochistan 
and surveys of the different Governments | with Persia, that you have almost got a 
of Europe communicated to me, and perfect international line which could not 
where I did not find the surveys be better laid out for an international line 
satisfactorily executed by other people, I than it has been, when you look at the 
went personally, accompanied by the necessities of developing the country 
friends I have named, and examined|through which it passes. If we have 
those districts with reference to their con-| performed (as we have done) the great 
venience and practicability. Ican quite | role of setting an example to the world 
confirm what Commander Cameron has of the development of railways, we have 
stated, that those ways up to the high ‘also taught this great lesson, that it is 
level of the central plateaus, which have folly to lay out bits of railways, and that 
hitherto been called impracticable and there is no wisdom in the making of rail- 
have been avoided, are ways which are ways but one, namely, to develop an ex- 
easily practicable, just as the line which tensive and general plan in the first in- 
he has selected is, and can easily be stance, andthen to carry out that larger 
reached and passed by the ordinary plan by degrees; after it has been syste- 
standard of steepness of railway which matically matured; and I say, with re- 
we are accustomed to use in England. yard to these railways, I am satisfied that 
Therefore I am satisfied that on no yeu can developthe resources of all these 
merely engineering ground can Com- countries through which the railway has. 
mander Cameron’s selection of line be to pass, in such a manner as to add 
considered at all an impracticable or enormously to the wealth of civilized 
an unwise one. There is one point, Europe, and the well being of the inhabit- 
however, on which I rather agree with ants, provided you will take all these 
Colone] Champain, that is, I do not like points into consideration, including the 
that line from Mosul to Baghdad. I wealth of the country, including our con- 
will not go through my reasons, there are/ venience, including  strategical de- 
very many, but I do not like it, and I) fence, and will not commit yourselves to 
would prefer his Tigris Valley portion any one branch until you have developed 
for that part of the line, instead of Com- it as a part of the whole. Allow me, in 
mander Cameron’s. I do not know conclusion, to say this one word. I know 
what his reason is, but my reason for | that if England will take the Jead in this 
preferring the Tigris is a very strong | matter, there are other States in Europe 
one. I think it agrees with Colonel) who will give her cordial assistance in 
Champain’s. I would entreat all those money, in political arrangements, and in 
officers and members of this Institution, | support of every kind. 

who interest themselves on this subject, Mr. J. L. Happan, MIC.E.: In dis- 
not to commit themselves to any parti-| cussing this admirable paper, as one 
cular portion of this or other lines, until | acquainted with every inch of the ground 
they have considered it in the larger view | which Commander Cameron has lately 
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gone over, I must express my admiration 
at the remarkable way in which both in 
his book and lecture, he seems to have 
picked out the wheat from the chaff; a 
very difficult task when we consider that, 
owing to the short period he was in the 
country, a great deal of his information 
must have been obtained at second hand. 
No one, be he the best railway engineer 
living, which Commander Cameron does 
not pretend to be, could have hit upon a 
better line, froma railway surveyor's 
point of view, than he has done. It is 
certainly practical, as Mr. Austin’s more 
elaborate surveys demonstrate, but noth- 
ing perhaps proves the inelasticity and 
weakness of ordinary railway construc- 
tion more than the fact that the easiest 
line is always sought for, and not one 


which is necessarily either commercially | 


or strategically the best ; in this case the 
easiest route may be inadmissable, be- 
cause it does not, in Sir John Adye’s 
opinion, prove itself strategically of value, 
while in Mr. Andrew’s opinion, it is not 
commercially the best either. The whole 
of the coast of Syria, between Alexan- 
dretta and the Suez Canal, is most formid- 
able for shipping, there being no harbors 
of any kind; but as if to make up for it, 


Nature has created from Aleppo on the) 


north down almost to Egypt on the south, 
an inland highway, along which you could 
almost drive a coach and four. Part of 
that natural highway is cleverly followed 
by Commander Cameron, viz., from Homs 
to Aleppo, and he thus taps the best part 
of the country. With reference to 
strategy, I beg to point out an import- 
ant change in the question, one which 
the older advocates of the Euphrates 
Valley Railway, probably from long habit 
of one line of thought, have not noticed. 
They seem to forget that the bearings of 
the case are completely changed by the 


acquisition of Cyprus. It is no longer | 


necessary, from a military point of view, 
to bring England and India into direct 
communication with each other—Cyprus 
being our representative now. It becomes 
simply a question of forming a triangle 
between Cyprus, Bayazid (on the Russo- 
Perso-Armenian frontier), and the Per- 
sian Gulf, so that from either end we can 
defend the Asia Minor frontier, as we are 
bound to do by the Anglo-Turkish Con- 
vention. This three-armed or Y-shaped 
line might follow the Cameron route from 


end to end, bifurcating at Mardin and pass- 
ing through Diarbekr to Bayazid, which 
frontier town approachesit at right angles, 
a most important point in strategy. With 
reference to sending large bodies of 
troops by railway, a great deal of misap- 
prehension exists as to the powers of a 
railway, both as regards its speed and 
capacity. The late Colonel Home, than 





whom there is no greater authority on 
| military transport, showed that it would 
|take longer to send an army corps to 
|York from London by railway than it 
| would for them to march, although there 
are several double lines in the example 
he quotes, and only a single line in this 
case. Single line railways as a military 
means of transport are, therefore, of 
little use, and are not fitted to carry any 
large number of troops, for to box men 
‘up in the way Colonel Champain de- 
scribed would, of course, be quite im- 
practicable, except on an emergency. 
Referring for illustration to the Afghan 
campaign, it will be found that the enor- 
mous number of camels and mules em- 
ployed transported stores for the troops, 
but not the men themselves, and the 
value of this line would be confined to 
dving similar duty—at far less expense 
—and with permanent advantage, creat- 
‘ing means of transport instead of de- 
stroying them. Even for Cyprus, where 
is the grain to come from to feed that 
country but from Syria? It is a great 
mistake for the advocates of this line to 
talk of the profit to be made out of 
through traffic. Excepting for the mails 
the extra transphipments alone would be 
fatal if the bare fact did not suffice that 
no goods can afford more than 400 miles 
of railway transport, except the line in 
question enjoys a monopoly of route, 
which is not the case here. Should the 
Canal be blocked, then having this last 
point of transhipment, on the eastern 
side of the Canal, so much nearer to In- 
dia as the Persian Gulf is than Suez, en- 
ables the few ships available on emer- 
gency in Eastern waters to do as much 
carrying work as the larger margin of 
supply the Mediterranean always affords. 
From a “transport” point of view speed 
is of no value—regularity is what is 
wanted. Speed only affects the first 
delivery, and regularity is necessarily 
jeopardized by hurry. A single line like 
this would not carry through goods at a 
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greater speed than one mile an hour, | struction it is not so, for in making a 
counting the full time they occupied the | railway by machinery the wagons trans- 
company’s premises. In France the} port the earth from the cuttings to the 
legal rate of transit for heavy goods| banks, and it is therefore the custom in 
works out but a little over half a mile an| our profession only to pay for one, as 
hour, and at a corresponding diminution | the two birds are killed with one stone. 
in tariff even a slower rate is accepted.| But when you make a railway by hand, 
Speed and cheapness cannot co-exist on | you cannot transport the stuff even a few 
a railway; they may do so on the sea| yards, and every load of earth taken 
where there are no differences of level| from the cutting must be thrown away 
to beovercome. Having agreed that the and wasted, while every load of earth re- 
Indo-European line is necessary, the/| quired for the banks has to be sought 
next point is the labor question. Can | forafresh, and scraped together, perhaps, 
you get men? I say most emphatically|from a considerable superficial area, 
no! From an economical as weli as a| Owing, moreover, to the want of mining 
philanthropical point of view, a great tools to blast the rocks with, cuttings 
many people hold that making railways are reduced to a minimum, and the 
by hand is a first-rate occupation for the banks correspondingly heightened, é. e., 
peasantry. It has even been proposed | practically doubled in depth. Now, 
to adopt these tenets in Ireland, the|since a 20-foot bank has four times as 
population of which is 169 to the square | much in it as a 10-foot bank, it results 
. mile; butfirst-rate politicians have agreed | that a railway made by hand will require 
that it is suicide in that country to, about four times as much labor as if 
take a man away from his plough. Now,| made by machinery; and, in addition, if 
we have the same question in Syria, but|in England, where coal, iron, and me- 
under less hopeful circumstances; for chanical talent are drugs, £50,000,000 of 
there the population is only 32 to the railway capital pays no dividend, such 
square mile, not enough to cultivate) works can hardly be expected to flourish 
the soil at the best of times, while there in Mesopotamia. 

are thousands of acres only wanting Lieutenant-General Sir Joun Apvyg, 
men to cultivate them to produce many R. A., K. C. B.—I am desirous of mak- 
hundred fold for themselves and for the | ing a few remarks upon the lecture we 
State whose revenue is essentially de-| have just heard by Commander Cameron, 
rived from the soil. Mr. Consul Skene and am sorry to say he has not con- 
is of opinion such works would grievously | vinced me that either in a commercial or 
affect the revenue. What worst invest- in a military point of view, it would be 
ment can be imagined that employing in desirable that we should assist in mak- 
such a case manual labor in cutting off ing a railway through Asiatic Turkey as 
the tops of mountains and filling up the a means of communication with our Em- 
valleys? If you make up your minds to pire in India. As regards the commer- 
construct a railway in such districts, you | cial aspect of the question, our goods 
must either use mechanical means for|are now transported in vast quantities 
constructing earthworks, and even then from the ports of England with ease 
none of the works will be completed and facility by sea through the Suez 
simultaneously, or you must do away Canal, and within a month are landed in 
with them altogether, and the latter J] Bombay without transphipment, but if 
have shown to be quite possible. One we adopted this proposed line, we should 
notable fact with reference to the con-| have to land our goods on the coast of 
struction of military railways, necessa- Syria, where there are no good harbors, 
rily made by hand, is this: that a railway and where the country is unhealthy, and 
made by hand has four times as much | after a long journey by land should have 
stuff in it as a railway made with the again to embark them at the Persian 
usual English plant, viz., of rails, wag-| Gulf, a country equally unhealthy, and 
ons and engines, &c. If you buy two devoid of good harbors and facilities. 
chairs or tables, one made by hand and | Would that, in a commercial point of 
the other turned out by machinery, no | view, be a desirable arrangement? Let 
doubt there would be the same amount|me read a short extract from a letter 
of wood in both; but in railway con-| that appeared in the Zimes, on the 11th 
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of December, 1879, signed W. H. I. The 
writer said : 

“Asa commercial enterprise the for-| 
mation of such a line would, I venture 
to say, be a dead failure and prove sadly 
disappointing to any persons who had 
been foolish enough to embark capital in 
the undertaking in hopes of a return. 
That, after a steamer has been loaded 
and dispatched from London, Liverpool, 
or Glasgow, the whole of the cargo 
should be turned out at Beyrout or some 
other Syrian port, there loaded in rail- 
way trucks for conveyance through 
Mesopotamia, discharged out of those 
trucks at a port on the Persian Gulf, 
and a second time loaded on board a 
steamship for India, instead of being al- 
lowed to proceed to India direct in the 
original vessel which had sailed away 
from England, is an idea so preposterous 
in the eyes of all men of business that 
it may almost be dismissed without com- 
ment. Have your correspondents ever 
calculated, or attempted to calculate, the 
enormous expense which would be cre- | 
ated by this extra handling of goods (to 
say nothing of the loss that would be 
caused by breakage or exposure), and 
compared this expense with the trifling 
gain which might possibly be derived 
from the shortening of the transit by 
five or six days?” 

In a military point of view, I think 
there are great objections to the pro- 
posed route. In the first place, our 
troops are now transported with ease 
and comfort by sea in four weeks to 
Bombay, and it appears to me that that 
is the safest and most prudent course, 
which we, as a great naval Power, could 
adopt. Butif taken in the way proposed, 
we should have to land our troops on the 
coast of Syria, and, after a long fatigu- 
ing journey of many hundred miles, 
should have again to embark them where 
there are no facilities, in a very un- 
healthy corner of the Persian Gulf. 
But there are greater military objections 
than that. This line of railway, if com- 
pleted, would not belong to England, 
but would traverse the territory of 
another Power—that is, Turkey. Sure- 
ly, it is not desirable that we should be 
dependent on another country for the 
line of our military communications with 
our Indian Empire. Another still greater 
objection is, that this line of railway 


would be open to danger at all points, 
while the Suez Canal is practically free 
from attack by land. By adopting such 
a proposal as that now under considera- 
tion, we should therefore not only be 
dependent on Turkey, but our line of 
military communications would run 
across the front of, and be in compara- 
tive proximity to, the armies of another 
great Power—that is, of Russia on the 
Armenian highlands. Surely, such an 
arrangement would not commend itself 
to the judgment of military men. In 
my opinion, therefore, the route would 
commercially be a failure, and in a mili- 
tary sense it would not only be useless, 


it would be a danger. 


Capt. J. C. Cotoms, R.M.A.—The last 
speaker has anticipated what I wished 
to say. The general question is that 
which has first to be considered. We 
have drifted into a good many mistakes 
in our time; we all know that, we have 
only got to consider what our Empire is 
at this moment to know it. We havea 
telegraph cable the wrong side of Africa, 
and we have our communications between 
two extremes of one of our great Colonies 
passing through a foreign country ; 
therefore, I think of all things in consi- 
dering a great question like this, we 
should really be careful to clearly under- 
stand whether, in its broadest sense, 
the proposed line is or is not desirable 
from an Imperial strategic point of view. 
And I must say, having looked into these 
questions, I entirely concur with Colonel 
Champain and the last speaker. I will 
not take up the time of the meeting by 
giving reasons which have already been 
given, but I should like to ask Commander 
Cameron if he would be kind enough to 
answer one question. In making a rail- 
way what we have to consider here is its 
strategical or military aspect purely, be- 
cause commercially we have nothing to 
do with it, for this reason: that if it is a 
commercial speculation worth anything, 
we may depend upon it commercial men 
will take it up. In this Institution, I 
take it, we must only look at it from Im- 
perial strategical ground. I confine my- 
self very briefly, therefore, to this one re- 
mark. Commander Cameron spoke in 
rather an offhanded way, I think, con- 
sidering our military resources as regards 
men, and when he said that if the Suez 
Canal was blocked, of course troops from 
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India and troops from England would 
meet at points in that proposed railway. 
I should ask him to consider, Have you 
got the troops? Are you going to make 
a great English line for strategical rea- 
sons without making preparations for its 
adeyuate defence? Thatis a very serious 
point. Hesaidif the passage through 
the Suez Canal was stopped, we could 
carry on our traffic by that railway; but 
that, I consider, entirely depends in what 
way the Suez Canal is stopped. Is he 
contemplating the cutting of the sea 
communication by Alexandria, or between 


Alexandria and England, because if so, | Homs. 





can control. Midhat Pasha has been 
constructing roads in Asia Minor; and 
last April I had the pleasure of laying out 
the commencement of the Tripoli line, 
three miles in length, from the port of 
Tripoli to the town. I accompanied 
Midhat Pasha from Beyrout to Tripoli, 
whither he went more especially, because 
they told him 40,000 Circassians were 
collected at Tripoli, and there was much 
fear that they would become unmanage- 
able. He went there and found 5,000 
Circassians and Tartars, whom he set to 
work to make a road from Tripoli to 
We tried the Arabs, (the people 


what becomes of your sea communica-/| of the country), and compared them with 
tion with the Mediterranean terminus of | the Circassians ; but the Circassians did 


this proposed line? It appears to me) 
that you would divide your power of de-| 


‘much more work than any Arab, and they 
were taught with the greatest ease. They 


fending your line of sea communication. | are the people on whom Midhat Pasha 


We should never permit the stoppage of | 
our communications through the Suez) 
Canal ; and to make your railway because 
you are content to think we may lose 
that route, is to my mind a mistaken 
policy. I simply ask Commander Cam- 
eron to explain how that land line of 
communication would enable us to re- 
cover our control of the Suez Canal when 


_ the control of the Suez Canal is really a| 


naval question. 

Mr. C. E. Austin, C. E.: I wish simply 
to say a few words on the commercial 
view of this question, for I know very 
little about the strategical part. With re- 
gard to the heat in railway carriages in 
these climes, I have had some experience 
in Brazil, and I did not find itso ex- 
tremely oppressive as Colonel Champain 
thinks it would be. In Brazil we travel 
very easily. In Smyrna, again, where the 
heat at some times of the year is very 
oppressive, we travel very well in railway 
carriages, and we find no difficulty in so 
constructing our carriages as to keep the 
people cool inside. During the Russo- 
Turkish War we carried many thousand 
soldiers on the Smyrna and Cassaba Rail- 
way. With regard to the bugbear which 
drives all our commercial men away from 
railway speculations in Asiatic Turkey, so 
that without the aid of Government, and 
a guarantee on the money expended in 
the construction of these lines, they never 
will embark in them, it is the idea that 
you cannot work with the men of the 
country. ‘The Kurds are tabooed; the 
Circassians are said to be people nobody 





depends for making his carriages, and 
working the carriages on his roads. In 
every country that “they go to, the Crim 
Tartars and Circassians introduce the 
carriage which does not exist in those 
countries. With regard to the Kurds, we 
have employed on the Smyrna and Cas- 
saba Railway bands of Kurds ; they are 
admirable laborers ; they are much more 
easily taught than Greeks and Turks. 
The Turks are very good laborers too ; 
but all the men we are the most afraid of, 
when they are turned to work, prove to 
be the best workmen we have. The best 
zaptiehs all over Syria are Kurds; the 
best country proprietors are Kurds ; 
wherever you meet a Kurd you like him. 
I had a zaptieh with me, asergeant, who 
traveled with me a long while. That 
man was a well-disciplined soldier; and 
although I was an Englishman and a 
Christian, and he a Mahommedan, he 
would come and pull off my boots in the 
evening, and would do any menial service 
for me, which an Arab would not willingly 
have done. He considered meas a friend 
of his master, and did not think of my 
religion in any way. With these facts in 
view, we must naturally infer that the 
Bedawee who inhabit the nomad dis- 
tricts of Syria and Mesopotamia, through 
which the proposed railway must pass, 
and who are only nominally Mahom- 
medans, and much more liberal in their 


‘tenets than Mussulmans, would rather 


aid than hinder the construetion and 
maintenance of the line. ‘lhen, as to 
commercial profits, I must say, Com- 
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mander Cameron’s line, comparing it} has endeavoured to argue in favor of the 
with the Euphrates Valley Railway from | Tigris as against the Euphrates, which 
Alexandretta is a possible line, whilst the | unquestionably marks the shortest route. 
other is an impossible line. The gradi-| He has endeavored to persuade you that 
ents on his line are moderate, and there | the Tigris is preferable, because it has 
are no gradients against the traffic ;|more large townsupon it. But we must 
whilst on the Alexandretta line it is stated | all recollect that we are not dealing in the 
that there are gradients of lin 13. The} present case with simply the supply of 
country being an agricultural country, | railway communication to certain towns 
the heavy traffic will consist in exports ;|in the Turkish dominions, but with the 
and, in making a line of that sort, we|question—how this country and India 
must have no gradients against the traffic | can be most easily connected. It is ad- 
to the shore. The quantity of our im-| mitted that we already havea line of 
port goods will be small in comparison, | communication vid the Suez Canal. Very 
but it will be more valuableand pay more | good; but is it desirable that we should 
for carriage. The line proposed by Cap- | depend under all circumstances upon one 
tain Cameron leaves out of the scheme a| line of communication only, for you may 
very large town, namely, Damascus. The almost put the line by the Cape of Good 
traffic between Damascus and Baghdad | Hope out of the question? Most people 
is very large. Thinking, as I do, that | agree that it is not desirable to confine 
there is not the slightest difficulty in| communications of a great Empire to one 
setting these tribes to work, whether | line, and it is contended that the line of 
nomad, Arabs, Kurds, or Turks, I cannot | communication by the Persian Gulf and 
see why you should not save 280 miles | the Mediterranean should be made as an 
of railway, and go straight from Homs to | alternative to Suez. With regard to the 
Baghdad. Baghdad is the great empo-| present distribution of the population in 
rium of the East, and the great object is | the ‘Tigris and Euphrates Valley, it must 
to make the most direct communication | be in the remembrance of every one who 
with the west from that great emporium | has studied this subject that the time was 
and the Persian frontier. By doing so} when the Euphrates also had considerable 
you bring the traffic to Homs, which, in towns at very short intervals along its 
ancient times, was a very large town, and | banks; and there can be no question that 
a very great center of commerce. From | with the establishment of a railway and 
Homs the goods brought from the East| the restoration of good government in 
can be dispatched over good roads either | Asiatic ‘Turkey, the towns on the Eu- 
to Damascus or Aleppo, and the straight phrates would revive again. In fact, 
railway is sure of the traffic from Baghdad , wherever you carry such a line of rail- 
to both these towns as far as Homs. | way, population will follow it. It must 
There is no difficulty in running acrosg|be presumed that great facilities are 
the steppes of Mesopotamia. They are | offered by the Euphrates line, to account 
as flat as a table, so that the line will cost | for the persistence with which its claims 
comparatively little, and the traffic ex-| have been advocated for the last twenty 
penses be very light. However, intothe| years by Mr. W. P. Andrew. ‘There 
details of construction this is not the must be good ground why a man of his 
moment to enter. railway experience and good judgment 

Mr. TreLawney Saunpers: As you are ‘should so persistently adhere to that 
quite aware, the naval power of this|/opinion. The Euphrates is not only the 
country can be exercised up to the shores | shortest line, nut by keeping to the south 
of Syria on one side, and up to the head | bank, there are no affluents to cross, and 
of the Persian Gulf on the other ; and the | having no rivers to cross, there are no 
simple question is whether it is desirable | bridges to make, nothing but a plain to 
to complete the missing link, and connect | traverse. There is also another advant- 
those two points bya railway. In this age, to which I may point, inasmuch as 
Institute you may dismiss questions of it has been alluded to by a previous 
commerce. If that missing link is to be | speaker of great eminence, I mean the 
supplied, you will probably conclude that | advantage of having interposed between 
it should be by the shortest and safest | your railway and any enemy advancing 
route. The author of the present paper. from the north, two great rivers, which 
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would certainly be a great protection to | ‘terval between those two fixed barriers 
the line south of the Euphrates. But | that remains unprovided for, namely, 
there is a condition preceding that that | Persia. Is it intended that in that inter- 
has to be borne in mind in forming any val or through it any hostile Power may 
opinion upon this question, and that is advance to the Persian Gulf, or to the 
the following; No great public work mouth of the Euphrates, or to any other 
could be undertaken in Asiatic Turkey in | | point between India and the Mediterra- 
the present disturbed state of its ad-|nean that will suit its purpose? I think 
ministration. Therefore, it is to the not, and therefore it must be clear and 
establishment of good government in| ‘obvious, that whatever policy is directed 
those countries that every one who is in- | towards the Armenian barrier at one end 
terested in opening up and improving | and the Oxus barrier at the other, must 
communication through them with India: also be directed to the Persian link that 
should direct his mind at this moment. | lies between those two barriers. That 
Everything should be done, I contend, | is a matter necessary to be borne in mind, 
to support any Government (I care not|and to be brought into action, before 
what party may be in power) in introduc-| you can connect India through Persia 








ing into these regions, that were former- 
ly the finest and fairest and best of the 


earth, that have still the natural fertility | 
and productiveness and the industrious | 


populations that would make them 


again the seat of wealth, and that need | 


nothing but good government to restore 
the prosperity that made them formerly | 
the seats of great Empires—on that 
point, the restoration of good govern- 
ment to those countries, already the 
opinion of the Powers of Western Europe 
has been brought to bear with great 
unanimity, and we should allow no dif- 
ferences of faction, no differences spring- 
ing merely from political partisanship, to 
put difficulties in the way of that great 
object. 

Mr. Tretawny Saunpers—I am argu 
ing that we should all unite in promoting 
good government in Asiatic Turkey, and 
following upon good government, you 
may rely upon it, all questions of railway 
communication will very soon settle 


themselves. Whether you have a line by | 


way of the Euphrates or Tigris, sooner 
or later that line will form a part of a 
general system of communication, which 
will connect Constantinople and Smyrna, 
as well as the ports on the Mediterra- 
nean, with Mesopotamia, the Persian 
Gulf, Persia and India. A_ certain 


boundary has been fixed on the frontier | 


of Armenia, which we are engaged to 


maintain. Another boundary has been | 


fixed upon the River Oxus, which we 
have defined. and are concerned in main- | 
taining. Why are those boundaries 
fixed? They are fixed as barriers, be- 
yond which a certain Power must not 
advance southward. But there is an in- 


|with the line of the Euphrates Valley. 
I am glad to find my friend Mr. Andrew 
adhering to the Euphrates Valley line, 
and if that line is to be extended to In- 
dia, the ground must be made sure in 
the interval that lies through Persia. 

Commander Cameroy, in reply, said— 
Colonel Champain talks about the local 
traffic. I never would expect any rail- 
way to be paid for by its through traffic, 
but I believe the construction of the rail- 
way will attract people there who will 
settle on the ground and cultivate it, 
and will give us such an enormous traffic 
as will give a very good return on the 
railway. At present there are 400 tons, 
without the Aleppo trade, which comes 
from the line by Homs and Hamah every 
day, and goes coastwards. A short way 
further back, wheat can be bought for 
five to six shillings a quarter, and it is 
|delivered on board ship at over forty 
shillings. I utterly put on one side any 
|idea that any traffic by the Suez Canal is 
to be diverted on to our own line; it is 
to assist the Suez Canal, and I believe 
the opening of that railway will cause 
increased traffic through the Suez Canal. 
As to Bushire having no harbor, and 
ships of any draught having to unload 
three miles out, thereis a little bar which 
might be dredged, and then there would 
be thirty feet of water close up to the 
‘town. We cannot make harbors without 
spending money, and if we are to have a 
| great scheme lke this, we must pay for 
'making harbors. There is a very good 
 coneienity for making a good harbor 
at Bushire, and also a magnificent har- 
bor at Tripoli. I agree with Mr. Scott 
Russell about the railway going from 
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Constantinople. Ido not think for our 
mails it is good to cross too many fron- 
tiers, but if the shortest route is by 
those frontiers, perhaps, it may prove 
best to cross them. If we cannot carry 
out the whole of this international 
scheme, why should we not make that 
section which is most important to us 
nationally, and let the other follow here- 
after? Mr. Haddan talks about mechani- 
cal works in a railway. I suppose if we 
go out there, we shall employ the latest 
developments of mechanical science. The 
population are doing nothing for many 
months in the year, and a great portion 
of them are stowed together miserably 
in the towns, on account of taxation, 
who would, by the fact of this railway 


Kurdish servant pulling off one’s boots, 
I have gone into an Arab Shiek’s tent, 
and he has pulled off my muddy riding 
boots himself, and you do not find hos- 
pitality like that in every place. 

Mr. Avustin—I meant to say these were 
the people tabooed; the Arabs most 
likely would be better than they. 

Commander Cameron—Mr. Saunders 
still goes with Mr. Andrew. Now, I 
admire Mr. Andrew most thoroughly, 
but, at the same time, I must differ from 
/him entirely. Iskanderoon is not a har- 
bor, and a summit level of 2,200 feet has 
to be ascended in seven miles. A great 
portion of the Euphrates Valley is bar- 
ren, and the population cannot live, 
while history tells us that, when the Em- 


being constructed, be first drawn out in| perors Julian and Cyrus the younger 


the open country to be constructors of 
the railway, and afterwards become culti- 
vatorsof the ground. As for the troops, 
of course, the right way for our troops 
to go to India for all ordinary purposes 
is by the Canal; but if this line goes to 
Mosul, and I hope it is going to Persia 
some day, we may some day have war 
there, and then, by giving us the oppor- 
tunity of bringing stores to such ad- 
vanced points as Mosul and Diarbekr, 
the principal point in the defence of 
Kurdistan and Armenia, this railway will 
be of value to us. Then there is another 
thing. I never contemplate losing the 
command of the Mediterranean. I do 
not believe that England will ever lose 
the command of the Mediterranean or 


any other portion of the sea, but we) 
know that dynamite and gun cotton are | 


easily conveyed to the most extraordi- 
nary places, and in ten minutes’ time 
anybody going through the Suez Canal 
might block it so that it could not be 
open for six months. It might happen 
that, at that particular time, all our ships 
might be on this side, and then, althoug’: 
we might take troops across the isthmus 
by railway, we should not have ships tu 
carry them on. But if we could take them 
up to Bushire, we might in the meantime, 
telegraph to India to send ships. In 
answer to Captain Colomb, it is a great 
thing to be able to convey small bodies 
of troops rapidly, and thereby make 
them equal to large bodies of troops, 
that cannot be conveyed so rapidly. As 
to Kurds and Arabs, I may be preju- 
diced in favor of the Arabs. As fora 


descended the Euphrates for a large part 
of the march, they were dependent on 
their flotillas for supplies. As for hav- 
|ing two rivers instead of one to defend 
| us, I should be very much ashamed if we 
| wanted two instead of one; I should be 
'very glad to use the Tigris by going 
| down the right bank, but to go and put 
' 200 or 300 miles aud another river be- 
tween us and a possible enemy, and 
leave a good position, I should be 
ashamed to run out of the way like that. 
Colonel Chesney quoted here, in July, 
1857, “Europe is no longer the world. 
The key to “ the possession of the world 
is the Valley of the Tigris, and not Con- 
stantinople.” I hope that this railway 
will come to pass, and give us the com- 
mand of that Valley of the Tigris.” 
+> —_—_ 

Improveo Vo ttaic Barrertes.—Some 
time ago M. Azapis suggested using a 
solution of chloride of sodium or of sal 
ammoniac for the acidulated water in 
contact with the zine of a Bunsen bat- 
tery, and the success of the change has 
led Mr. David Lindo, of Falmouth, Ja- 
|maica, to substitute sulphate of sodium 
|for the dilute sulphuric acid in contact 
| with the zinc of a Grove battery. Chlorine 
compounds might prove injurious in the 
Grove, and were therefore neglected for 
the sulphate of sodium. The substitu- 
tion has given good results; no amalga- 
mation of the zinc is required, and the in- 
tensity of the current is as great as where 
dilute sulphuric acid is employed. More- 
over, the solution of sulphate of sodium 
‘answers well in the Bunsen cell. 
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THE FLUID DENSITY OF METAL. 


ON THE FLUID DENSITY OF CERTAIN METALS.* 
By Prof. W. CHANDLER ROBERTS, F.R.S., and T. WRIGHTSON. 


Tue authors described their experi-| cold ball will displace its own volume of 
ments on the fluid density of metals, | molten metal. If the densities of the cold 
made in continuation of those submitted | and molten metal be the same, there will 
to Section B at the Swansea meeting of | be equilibrium, and no floating or sink- 
the Association. Some time since one of | ing effect will be exhibited. If the den- 
the authors gave an account of the re-| sity of the cold be greater than that of 


sults of experiments made to determine 
the density of metallic silver, and of cer 
tain alloys of silver and copper when in | 
a molten state. The method adopted 
was that devised by Mr. R. Mallet, and 
the details were as follows: A conical 
vessel of best thin Lowmoor plate (1 
millimeter thick), about 16 centimeters 
in height, and having an internal volume 
of about 540 cubic centimeters, was 
weighed, first empty, and subsequently 
when filled with distilled water at a known | 


the molten metal, there will be a sinking 


effect, and if less a floating effect when 


first immersed. As the temperature of 
the submerged ball rises, the volume of 
the displaced liquid will increase or de- 
crease according as the ball expands or 
contracts. In order to register these 
changes the ball is hung on a spiral 
spring, and the slightest change in buoy- 
ancy causes an elongation or contraction 
of this spring which can be read off on 
a scale of ounces, and is recorded by a 





temperature. The necessary data were pencil on a revolving drum. A diagram 
thus afforded for accurately determin- | is thus traced out, the ordinates of which 
ing its capacity at the temperature of the represent increments of volume, or, in 
air. Molten silver was then poured into| other words, of weight of fluid displaced 
it, the temperature at the time of pour-|—the zero line, or line corresponding to 
ing being ascertained by the calorimetric | a ball in a liquid of equal density, being 
method. The precautions, as regards| previously traced out by revolving the 
filling, pointed out by Mr. Mallet, were) drum without attaching the ball of metal 
adopted ; and as soon as the metal was | itself to the spring, but with all other 





quite cold, the cone with its contents was 
again weighed. Experiments were also 
made on the density of fluid bismuth; 
and two distinctive determinations gave 
the following results : 

10.073 mean, 10.039. 

The invention of the oncosimeter, 
which was described by one of the au- 
thors in the Journal of the Iron and Steel 
Institute (No. IL, 1879, p. 418),f ap- 
peared to afford an opportunity for re- 
suming the investigation on a new basis, 
more especially as the delicacy of the in- 
strument had already been proved by ex- 
periments on a considerable scale for de- 
termining the density of fluid cast iron. 
The following is the principle on which 
this instrument acts: 

If a spherical ball of any metal be 
plunged below the surface of a molten 
bath of the same or another metal, the 





* Abstract of paper read before Section C (Chemical 
Science), British Association meeting, York. | 
tSee also Engineering, vol. xxviii., p. 329, | 


auxiliary attachments. By means of a 
simple adjustment the ball is kept con- 
stantly depressed to the same extent be- 
low the surface of the liquid; and the 
ordinate of this pencil line, measuring 
from the line of equilibrium, thus gives 
an exact measure of the floating or sink- 
ing effect at every stage of temperature, 
from the cold solid to the state when the 
ball begins to melt. 

If the weight and specific gravity of 
the ball be taken when cold, there are 
obtained, with the ordinate on the dia- 
gram at the moment of immersion, suffi- 
cient data for determining the density of 
the fluid metal; for 


eee 

Ww W”’ 
the volumes being equal. And remem- 
bering that W (weight of liquid)=W’ 
(weight of ball)+a (where x is always 
measured a+ve or—ve floating effect), 
there is obtained the equation : 

















PERMANENT WAY CONSTRUCTION. 


429 





D' x (W’ +2) 
Ww’ 7 


The results obtained with metallic sil- 
ver are perhaps the most interesting, 
mainly from the fact that the metal melts 
at a high temperature, which was deter- 
mined with great care by the illustrious 
physicist and metallurgist the late Henri 
St. Claire Deville, whose very latest 
experiments led him to fix the melting 
* point at 940° Cent. The authors of the 
paper showed that the density of the 
fluid metal was 9.51 as compared with 
10.57, the density of the solid metal. 
Taking their results generally, it is found 


D= 








that the change of volume of the follow- 
ing metals in passing from the solid to 
the liquid state may be thus stated : 


Specific Specific], oes 
gravity, gravity, Percentage of 











Metal. solid. | liquid. | change. 

| - 

|Decrease of 
Bismuth, 9.82 10.085 | volume 2.3 
Copper.; 8.8 | 8.217 \Increase ‘“ 7.4 
Lea 11.4 (10.387 | “ sis 9.93 
Tin 7.5 | 7.025) <“ 6.76 
Zinc 7.2 | 6.48 | *‘ “ 
Silver..| 10.57 | 9.51 | “ “11.20 
Tron 6.95 | 6.88 | * e 1.02 

| } 











PERMANENT WAY CONSTRUCTION. 


From “Glaser’s Annalen fur Gewerbe und Bauwesen” for Abstracts of Institution of Civil Engineers. © 


Tue author points out that if railway 
extension continues to proceed at the 
same rate it has been doing in this cen- 
tury, by the end of the next two centu- 
ries the combined products of all the 
forests in the world will be insufficient 
to supply the number of wooden sleep- 
ers required in railway construction ; and 
that therefore any truly comprehensive 
solution of the question must provide a 
substitute that will comply with all the 
requirements it is possible to anticipate. 
Iron would not only satisfy these, but 
also afford profitable employment to the 
daily increasing industrial population of 
the principal countries of the world. 
The superiority in every respect of iron 
over wooden sleepers is not, however, 


universally admitted; to prove it, three | 
questions must be satisfactorily answer- | 


ed, namely, those of cost, simplicity and 
safety. 

As regards wooden sleepers, in the 
first place the best kinds of timber for 


sleepers are now not procurable in any 


appreciable quantity. The first cost and 
maintenance charges for wooden sleepers 


do not by any means show so marked a} 


superiority over those for iron sleepers. 


According to Hilf's comparison between | 


his system of longitudinal iron sleepers 


and wooden transverse sleepers, calculat- | 


ing fifty-six years as the life of the) 


| without calculating the value of the old 


material. The correctness of this esti- 
mate has, as far as is known. never been 
disputed. As regards simplicity of con- 
struction, no objection can be urged 
against wooden sleepers; as regards 
maintenance, there are many serious 
ones, involving safety to traffic, careful 
inspection, and Jabor in repairs. 

Safety is endangered by the difficulty 
of keeping the line to gauge, owing to 
the imperfect hold the sleepers exert on 
the spikes, which is due to the variable 
holding properties of timber under dif- 
ferent conditions, and the gradual de- 
struction of the fiber from the blows 
transmitted through the foot of the rail 
during the passage of trains. A want 
of uniform rigidity of the road, due to 
the different ages of the sleepers pro- 
duces conditions which seriously injure 
the rolling stock. The use of wooden 
sleepers does not recommend itself on 
the ground of cost and safety to traffic. 
Next the question of iron transverse 
sleepers demands attention; the advant- 
ages claimed for them are simplicity in 
construction and renewals, rigid main- 
tenance of gauge, simplicity of drainage, 
durability, and handiness in time of war. 
The first cost, and cost of laying of both 
transverse and longitudinal iron sleep- 
ers is about the same. As regards main- 


former, there is a yearly balance of 460 | tenance, sufficient data are not procura- 
marks per kilometer (about £35 per mile) | ble for a correct comparison, but it is 
of line in favor of the iron sleepers, |presumable that with good ballast the 
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more equal distribution of the load on a 
longitudinal sleeper road would reduce 
the cost of maintenance. 

Simplicity of construction is claimed 
for the transverse sleepers, on the 
grounds of greater handiness of the 
parts; but, then, again, the fact that one 
longitudinal is equal to four transverse 
sleepers should not be lost sight of. In 
laying curves, the longitudinal system 
certainly requires greater care and pre- 
cision, and the work of renewing is more 
complicated ; in time of war this is an 
acknowledged defect. A superiority in 
respect of maintenance of gauge is 
claimed for the transverse, but it is no 
less obtainable in the longitudinal sys- 
tem as exemplified in the Berlin munici- 
pal, Hilf, and Rhenish railway permanent 
wa 


A decided objection to iron transverse | 





these again introduce further elements 
of danger to the permanent way, strain- 
ing it more severely and rendering cases 
of derailment more frequent and more 
serious. 

A serious accident which occurred on 
the Cologne-Minden railway shortly after 
the speed on that line had been experi- 
mentally increased, drew attention to the 
subject and led to a series of experi- 
ments, as to the resistance offered by the 
various types of permanent way to the 
forces exerted by the rocking of a heavy 
engine. ‘lhis also appeared a good op- 
portunity for testing the relative effi- 
ciency of the various descriptions of 
permanent way. But the results of 
these experiments, however interesting, 
were not of a character to afford any 
practical solution of the question, as the 
actual conditions of the case were not 


sleepers is, that they do not afford the | correctly reproduced. Accordingly an- 
same hold on the ballast the heavier other plan was adopted, viz., an ordinary 
wooden ones do; that they require to be | railway wagon (tare 4,500 kilogrammes), 
bent in order to give the proper cant to | loaded with 18,500 kilogr. ammes of iron, 


the rails, and in consequence are always 


was provided with a gallows, from which 


liable to revert to their normal condition. was suspended by a chain, 5 meters in 


Again, the fracture of a rail on a cross- | 
sleeper system is attended with far more 
serious consequences than could possi- | 
bly occur with the longitudinal system. 

Longitudinal sleepers were the first 
made use of; transverse were not intro- 
duced until 1876. Even in the earliest 
times the following requirements were 
recognized as requisite for a perfect sys- 
tem of superstructure: 
section sufficient to resist the wear; (2) 
a web deep enough to garry the weight ; 
(3) a base sufficiently broad to distribute 
the load on the ballast. These condi- 
tions ure perfectly realized by the longi- 
tudinal system alone, the best examples 


of which are furnished by Hilf, Haar- | 


mann, and the Rhenish railway. 

The author then proceeds to discuss 
the relative advantages and disadvant- 
ages of the Hilf, Haarmann and Rhenish 
railway permanent way, to enumerate the 
evident objections to every system of 
transverse sleepers, and to combat and 
answer all objections to longitudinal 
sleepers, referring to the absolute neces- 
sity of greater attention being paid to 
the conditions of safety of a line, in 
consequence of the growing desire 


length, a block of cast iron weighing 2284 
kilogrammes, at a distance of 1.75 meters 
(wheel base of the Cologne-Minden loco- 
‘motives) from the loaded axle. This 
weight, with a swing of 3 meters (equal 


to a vertical fall of one meter), was 


made to strike the inner side of the rail, 


the results of which are given in the four 


(1) a head of a 


tables appended to the paper, and were 
registered by means of a lump of clay 
resting against the outer edge of the 
rail. 

The apparatus and weights made use 
of in these experiments more than sat- 
isfy the conditions it was sought to re- 
produce, and afford a reliable test of the 
capacity of the various systems to resist 
the effects of the rocking of a heavy 
locomotive ; the results are unfavorable 
to the system of transverse sleepers, but 
prove that a well-constructed permanent 
way with longitudinal sleepers is capable 
of providing perfect security in this re- 
spect. 

The author's own comments on the 
behavior of the different types experi- 


| mented on, and his deductions therefrom, 


‘are given in full, and conclude with a re- 
‘mark that though the behavior of per- 
for an increased rate of speed, which | manent way in presence of such horizon- 
likewise demands heavier engines, and _/ tal forces is certainly not alone conclusive 
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as to the value of any one system, since 
many other questions must necessarily | 
also enter into the determination, yet the | 


‘The character of the work is most thorough. 
I never examined better railway masonry and 
drainage structures. I especially noticed the 
size of the stones (range work) and the masscf 


results of these experiments go a long|the various abutments and buttresses, thus 











way towards a solution of the question 
in favor of the use of longitudinal 
sleepers. 

———_->e—__—_ 


REPORTS OF ENGINEERING SOCIETIES. 


MERICAN INSTITUTE OF MINING EnN- 
GINEERS.—The Autumn Meeting begins 

with the 25th of October, the programme is at | 
this date, Oct. 17th, not at hand. The trans- | 
actions of the last meeting are in process of | 
distribution. In the last supply received from 

Mr. Thomas M. Drown, the Secretary, we | 

notice : | 

‘*Investigations of the Ore Knob Copper Pro- | 
cess,” by T. Egleston, Ph.D. 

‘* Notes on Gold-Mill Construction,” by Augus- 
tus J. Bowie, Jr. 

‘* Manganese Determinations in Steel,” by Wm. 
Kent, M.E. | 

‘* Note on Black Band Iron Ore in West Vir- 
ginia,” by 8. P. Sharples, 8.B. 

An important paper published in advance of | 
the October meeting is : 

‘‘Chemical Methods for Analyzing Rail Steel,” 
by Magnus Troilus, Chemist to C. P. Sand- | 
berg. 
HE Boston Socrery or CrviL ENGINEERS. | 

—The last published paper is that of the 

June meeting : 

“Sheeting and Bracing Sewer Trenches,” by | 
Mr. William Whittaker. 

‘DOLyTEcHNIC ASSOCIATION OF THE AMERI- 

cAN InstiTuTE.—The principal topic of 
the session of Oct. 1st was : 

‘The Various Systems of Raising Water,” 
presented by the President, Mr. Thomas D. | 
Stetson. 

Oct 8th—Tfe subject of ‘‘ Ozone” was pre- | 
sented by Mr. P. Rudisch. 


———_ <- —_ 


ENGINEERING NOTES. 


St GoTHarD TuNNEL.—‘‘I drove down 
alongside the St. Gothard Railway from the 
western end of the tunnel to Lake Lucerne, 
where the lines join those leading to Germany. 
What you will be most intere-ted to know— 
how they are getting on with the slipin the 
mountain—I did not have a chance to ascertain, 
but I can give you some of the usual kind of 
travelers’ information out of the guide book. 
The grade to and frcem the tunnel averages about 
lin 40. The tunnel, already open, and being 
lined, is 9} miles long, and 1s 1} miles longer 
and 600 feet lower than the Mt. Cenis tunnel. 
‘The interesting features which I saw were 
the stupendous works for getting up the rapidly | 
rising gorge at Wasen. At this point, in a 
chasm between precipitous mountains, by| 
means of five bridges and a tunnel, the road 
makes a double loup, and then by two tunnels 
it makes two complete circles in the mountain ; 
in these tunnels the road crosses itself. | 


Vout. XXV.—No. 5—30. 


| adding the stability of weight to that of accu- 
rate workmanship. The rough torrent beds 
| where freshets and avalanches come down, 
| were replaced by round bottomed, inclined 
| masonry chutes, often 100 feet or more wide, 
| and running 1,000 feet up the mountain side. 
| The iron bridges have rather short spans, and 
riveted connections invariably. The line is 
single, and the works do not look wide enough 
to add another line. I think that the average 
American capitalist would not like to be ashare- 
holder in this railroad.”.—A. L. Holley to 
American Machinist. 


ry\ue Mersey TuNNEL.—The operations in 

connection with the tunnel which the 
Mersey Railway Company are boring under the 
Mersey from Liverpooi to Birkenhead are being 
rapidly pushed forward. On the Birkenhead 
side the permanent pumps are now in position; 
and continuous work day and night, with three 


| shifts of workmen, has gone forward with the 
| test or drainage heading. The length cut last 


week was eleven yards, Thisis all done by 
hand, with the aid of explosive gelatine, the 


/confined space making the application of 


boring machines difficult. This heading is 
now well under the river, and no increase of 
water is perceptible. In fact the water does 
not now present any feature of difficulty, and 
engines keep it under even when working dead 
slow. The company’s engineer and the con- 
tractor have now decided that the main tunnel 


| shall go forward at the same time as the drain- 


age beading, and permission has been obtained 
from the Mersey Dock Board to sink a second 
shaft close to the existing one in order to ex- 
pedite this work, and this has already been 
carried down a considerable distance. On the 
Liverpool side less rapid progress has been 
made, owing to the fact that the upper part of 


| the shaft had to be sunk through made'ground, 
|and also on account of the confined space on 


the quay within which the work has 


‘had to ‘be carried on. The permanent 


pumps, however, are now fixed and 
ut work, and they are found to exhaust 
the water with the engines working at the same 
slow rate as on the other side. As soon as a 
sump for the permanent drainage has been 
completed at the bottom of the shaft, which 
will bein about a week hence, the heading, 
which is already about a hundred yards in 
length, will be proceeded with. It is in con- 
templation to apply for permision to sink a 
second shaft on the Liverpool side, and this 
will shorten the time for the completion of the 


railway by a period of nearly six months. 


——_ <> 


RAILWAY NOTES, 


AILWAYS OF THE UNITED KINGDOM IN 
1880.—Although the ‘‘Railway Re- 
turns” for 1880 have not yet been issued by the 
Board of Trade, some of the main features of 
the movement, as ascertained fromthe ‘‘ Sta- 
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tistical Abstract for the United Kingdom from | Great Northern Railway, and we doubt not en- 

1866 to 1880,” has been given in the Builder. | gineers of other lines will follow the practice 

In the following figures the returns for 1879 | as opportunity offers. 

can be compared with those of 1880 : EEE ee ea 
Length of railways open in the United King- R turns of England, Scotland, and Iréland 





dom : fer the : : ; 
% : year 1880, just issued, it appears that 

= acuminate co aapactangiaege ane miles. the total authorized capital up to the date of 

a malaree aca Mn ieeioacee ; . 5. 

Total capital paid up in shares and loans : ae er, BR, TO, Eo 
poe Pete ey Mee gy and the total raised by loans and debentures 
Sates en reese kA SSS phate pple | £181,758,631, making a gross total of £728,316, - 


Number of passengers conveyed (exclusive 848. The len : 
: e q gth of line opened for traffic on De- 
of =o holders): | cember, 1880, was 17,933 miles. The total number 





OD irs 
Seiler pp of passengers conveyed, exclusive of season- 
rie “ blancs nee ° ae inile aie ticket-holders, was 603,885,025 against 562,732, - 
1379 P gers p * 31.800 890in 1879. The total of traffic receipts was 
REE aa tan taaaaeaaee: 33° 652 £62,961, 797, showing a considerable advance 
Total sondihe atch 7 _ hit ct » on the £59,395, 282 of 1879, and in fact being at 
1879 pts: £59. 395,282 the rate of £3,551 per mile instead of £3,356 
neil ian 61.958. 754 in 1879, and £2,755 in 1866. The working ex- 
Traffi che So og og wa iit penses were £33,601,524, a million and a half 
7 i pts p : £3. 356 increase during the year. The net receipts 
—_ pneeita eeprenariebemangisees 3. 458 were £31,890,501, against £29,731,430 in 1879. 
aie ’ The mean cost per mile over the whole system 
1879. Pp . £32.045,278 has risen from £40,518 in 1879 to £40,613 in 
aM ercreeaceRaN 33° 502 349 1880. The working expenses have fallen from 
—iiccen — 52 per cent. on the gross income in 1879 to 51 
1879 pts: £29 731.430 per cent. in 1880. The proportion of net receipts 
aig a aloes ak ea petshfeinne sy to paid-up capital is 4.38, against 4.15 in 1879. 


Mr eee er eer 30,985,094 

(oem Rattways.—An important rail- 
WRINKLE IN PERMANENT Way.—Not | way enterprise has been taken in hand 
withstanding that many hundreds of gt Montreal by Canadian and American capi- 
so-called improvementsin permanent way have talists. It is the building of a line, for which 
been patented since railways became general, | they have obtained a charter from the Dominion 
the old form of permanent way, consisting of Government, from some.point in the Canadian 
a double-headed rail, cast-iron chair and wood- territory, on the Atlantic coast or Bay of 
en key, spiked or trenailed down to transverse Fundy, by way of Lake Megantic, Sherbrooke, 
timber sleepers, still obtains on the great ma- Montreal, Ottawa, and French River, to a puint 
jority of our lines. It is true that wrought- on the east side of Lake Superior, receiving aid 
iron sleeper systems are at last being tried on from Municipalities in Canada and the State of 
some of them, but this is when our engineers Maine. A meeting of shareholders was held 
find them largely coming into use on the Con | August 30th to organise and commence sur- 

tinent, particularly in Germany. We do not, | yeys, 

however, propose a dissertation upon per- | 

manent way generally, our intention only /P\ue St. GorHarp Rattway.—The one-hun- 
being to place before our readers a very simple dred and third report on the progress of 
and practical improvement which has recently | the works of the St. Gothard Railway, reach- 
been effectedin the ordinary permanent way | ing to the end of the first half of this year, has 
of his line by the engineer of the Great West-| just been published. The principal and most 
ern Railway Company. _ This consists merely | difficult work, as we are aware, is the tunnel 
in reversing the chair ard shifting the wood | through the St. Gothard, of a length of 16,304 
key from the outside to the inside of the rail. | yards, or 914 miles. Its adit level has been 
This re-arrangement gives several points of | driven this year, and more, the tunneling has 
advantage, and in no way interferes with the proceeded for 13,215 yards, and been com- 
working of the line, as the keys are clear of the pleted for traffic for 12,174 yards. No fewer 
flanges of the wheels of the vehicles. One of | than 3,319 workmen are employed in the tun- 
its chief advantages as regards the safety of | nel, work proceeding uninterruptedly night and 
trains is, that should a key work loose or even | day. The contract value of the work done is 
fall out, the gauge of the line will be | £2,180,000, leaving still to be finished work to 
rigidly maintained under passing trains. | the value of £85,000. The quantity of com- 
Should, however, such an_ occurrence’ pressed air used during the month of June for 
take place with the keys on the outside, the | rock-boring machines and the locomotives em- 
gauge of the rails must necessarily be widened ployed in the carriage of materials and debris 
to some extent during the passing of atrain, | was 5,981,444 cubic feet per day. The temper- 
thereby constituting a source of danger. Then | ature of the center of the tunnel was 2914" C. 
with regard to inspection, much time is saved (85° Fah.), or 17° more than outside the tunnel. 
to the plate-layer in his examinations, as he | The quantity of dynamite used daily was 567 
need only walk once down each pair of rails|lbs. It may be remarked, in passing, that the 
instead of twice. This sensible arrangement ‘temperature in the interior of the tunnel may 
is, we recently observed, being adopted on the | possibly become lower, as has been the case in 
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the Mont Cenis tunnel, where it has fallen 7° 
or 8° C. during the last ten years. 


LS ge ACCIDENTS AND BRAKES.—At the 


usual monthly meeting of the Foremen | 
Engineers and Draughtsmen Association, on | 


September 3d, Mr. John Batey read a paper on 


‘*Continuous Brakes.”” He stated that it was | 


of the highest importance for the safety of the 
public that an eflicient brake should be used 
for the purpose of stopping a moving train and 


preventing disasters. It had been clearly | 


shown that the recent railway accident at 
Blackburn would have been mitigated if the 
Westinghouse brake could have been properly 
applied, and therefore he considered that the 


subject was one which demanded public atten- | 
tion. The Board of Trade had drawn up cer- | 
tain conditions which they considered neces- | 


sary to make up a good brake. Those condi- 
tions were based on the experiments carried 
out from time to time by Captain Galton and 
others, and nothing short of them, he urged, 
should be adopted by railway companies. He 
believed that the reason why railway directors 
did not carry out the request of the Board of 
Trade with regard to continuous brakes was 
because so many failures had been recorded in 
the Blue book. Although none of those fail- 
ures were productive of serious results, still 
they had a tendency to weaken the faith of the 


strongest believer in their efficacy, and that | 


was doubtless a clue to the want of unanimity 
of opinion amongst directors as to the best 
brake for universal adoption. He contendep 
that a brake to be efficient should have a power 
equal to the weight of the train, for the pur- 
pose of balancing the coefficent of friction be- 
tween wheel and rail sufficient to hold the 
wheel, but beyond that it was necessary that a 
certain power should exist for the purpose of 
checking the ultimate velocity of the wheel. 
Therefore, the absolute power applied was rep- 
resented by time, multiplied by the power ap- 
plied. He disagreed with Captain Galton, who 


contended that the power applied, just short of | 


that which was necessary to stop the rotation 
of the wheels, was a better means of stopping 
the train than skidding, which Mr. Batey con- 


sidered opposed to theory and practice. He | 
believed it was utterly impossible to bring an | 


unskidded train, traveling at the same rate, to 
a standstill in the same time and at the same 


distance as a skidded one. That point appeared | 


to have been finally settled by the trials on the 
Midland Railway, carried on by the authority 
of the Railway Commission, under Mr. E. 


Woods and Colonel Inglis ; and he concluded | 


that it was necessary that a brake should he 
applied equal in power to each vehicle in order 
to stop it, and thus avoid the unpleasant bump- 
ings. A brake to be efficient, should be capa- 
ble of being applied instantaneously. He then 


alluded to the proposals to stop a train by ap- | 
plying the power on the locomotive, which he | 


thought insufficient for the purpose, and would 
cause the carriages to ‘‘telescope.” With re- 
gard to Sanders and Bolitho’s and Smith's 
vacuum brake, he deemed it open to three ob- 
jections, viz., the ease with which the vacuum 
might be destroyed by the difficulty of retain- 


|ing the same; the want and waste of motive 
| power by the injector being kept going con- 
| Stantly; and the great difficulty of keeping up 
| steam, owing to the injector blowing away in 
the smoke box and damping the fires. He 
next proceeded to consider brakes worked by 
| compressed air, and stated that he considered 
the Westinghouse the best, but that, however, 
was open to many objections. According to 
the Board of Trade returns for the half-year 
ending December, 31, 1880, that brake had 
made no less than 307 failures. He concluded 
| by alluding at some length to a brake which he 
had patented, the advantage of which he con- 
tended consisted in its exceeding simplicity. It 
| was less liable to get out of order, in conse- 
quence of its small number of parts, and was 
also economical. 





-_ 


IRON AND STEEL NOTES. 


| 7] HE BrtBao Iron Mines.—By M. Baills.— 
| The author gives descriptions aad anal- 
| yses of the three priucipal varieties of Bilbao 
ore—the campanil, vera dulce, and rubio, and 
| remarks that the deposits probably consisted or- 
iginally of homogeneous masses of carbonate of 
iron, interposed between beds of schistous grit 
below, and of limestone above, both of middle 
cretaceous age: and that the varying character 
of the ores nuw found appears to be due to the 
| greater or less extent to which they have been 
weathered. Thus the deepest ore, now the 
vera dulce, is the least altered ; that imme- 
diately under the limestone, the campanil, is 
| more weathered; and that cropping out on the 
surface is the rubio, which contuins the greatest 
| proportions of water and of impurity. These 
typical varieties pass, insensibly, throughout 
the deposit, one into another. 

The experience of wire rope tramways at 
the Bilbao mines has not been favorable ; they 
| are costly to maintain, and are liable to be in- 
terrupted by breakages of the rope, so that in- 
clined planes, and ordinary railways, though 
more expensive, are on the whole preferred. 

Some particulars are given at the end of the 
paper of the treatment of the softer ore (vera 
dulce) by the Chenot process, at the El Des- 
ierto works, near Barnacaldo. Each reducing 
furnace, used there for making spongy me 
tallic iron from the ore, consists of two verti- 
cal brick retorts, 4 feet 7 inches by 1 foot in 
isection, and 28 feet high. The retorts are 
| heated externally by coal fires, and each of 
| them is prolonged below by a sheet-iron cooler, 
|8 feet 1} inch high. They are charged with 
jore and charcoal in alternate layers. (The 
es is carried on continuously, a portion 


of the reduced sponge being withdrawn at the 
bottom of the retort twice a day, and fresh ore 
and charcoal filled in at the top. The reduc- 
tion of the ore and the cooling of the sponge re- 
quire three days, and each retort thus yields 
about 0.72 ton of sponge every twenty-four 
hours, with a consumption of 1.27 ton of ore, 
0.24 ton of charcoal, and 0.46 ton of coal. The 
cost per ton of the sponge is about equal to that 
of pig iron made at thesame works. The 
| sponge is made into balls of forgeable metal in 
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charcoal hearths, worked with blast at a press- 
ure of 1.18 inch of mercury. Each hearth 
works in twelve hours, fifteen to twenty 
charges, consisting each of 202 lbs. of sponge 
and 55 Ibs of charcoal. The cinder produced 
is very rich in iron; and 1 86 ton of sponge 
and 0.5 ton of charcoal are consumed per ton 
of bar made. The metal is very soft and 
malleable, and is specially used for nails for 
shoeing oxen. 

The process seems likely, however, soon to 
be given up; it requires a very pure and a very 
rich ore, and the management of the operation 
is difficult. In working the sponge also into 
balls, the consumption of itisenormous. At 
the El Desierto works the number of furnaces 
in operation has been gradually reduced from 
six to two.—Abstracts of Inst. of Civil En- 
gineers. 


‘HE DkPHOSPHORIZATION OF IRON.—By Dr. 


K. List.—Dr. List’s essay is an historical] | 


sketch of the attempts made to remove phos- 
phorus from pig iron. He starts with the ex- 
periments of twenty years ago, and brings a 


very complete review of his subject down to | 


the recent methods of Thomas, Gilchrist, and 
Snelus. He first notices briefly some of the 
wet processes which have been tried, with the 
object of freeing the ore from pbosphorus, 
before smelting has been begun; treating them 
at considerable length the various processes, 
whether proposed, patented, or carried out, for 
removing the phosphorus during the process 
of reduction or after the metal has been re- 


duced. The'author has dealt with this extens- | 


ive subject so concisely that an epitome of 
the paper would be little more than a list of 
names. It is oot, therefore, attempted to ab- 
stract it, but simply to indicate its existence as 


a memoir which will be found of considerable | 
value to any one requiring historical informa- | 


tion upon the subject. 


AGNETIC IMPENETRABILITY OF TRoN.— 

By J. Jamin.—The author recurs to the 
contested question as to the impossibility of 
causing magnetism to penetrate to considerable 
depths in 1ron and steel, and presents a series 
of experiments that he believes to offer a solu- 
tion. There are placed, one above another, 
two equal bobbins wound with thick copper 
wire, separated by a third bobbin of fine wire 
which is connected to a reflecting galvan- 


ometer. A current in the two primary coils in- | 


duces a current in the third and secondary 
coil. Thearc shown by the galvanometer is 
recorded asa. There is then introduced into 
the three bobbins an iron tube 4 of an inch 
thick. The primary current now induces a 
stronger secondary current, A ; A—a measures 
the magnetization of theirontube. Instead of 
the tube, a bar of iron equal in height is intro- 
duced, and the deflection A’ obtained. The 
bar 1s then placed in the interior of the tube, 
and a deflection A” obtained. The following 
are one series of numbers: 


| ree -- -49.5 
A’—a... ... paecunse 48.5 
re ease 54. 


0 
A”’—a was then obtained with the tube and bar 
placed side by side=59.5. 


The author considers these and other experi- 
ments he details to prove that the same current 
| communicates to the bar much less magnetism 
|when the bar is contained in the tube than 
when it is exterior to it, and that the tube 
| takes greater magnetism in the first case than 
in the second. And he definitely asserts that 
'4 inch concentric depth of iron completely 
‘arrests the magnetic effect of an external 
| spiral —Abstract from Comptes Rendus for Inst. 
of Civil Engineers, 
5 ia Earuiest Castines IN IRon.—Cast 
iron is now in such general use that one 
might be apt to imagine thatit had never been 
invented. But cast iron was not in commer- 
cial use before the year 1700, when Abraham 
Darby, an intelligent mechanic who had 
brought some Dutch workmen to establish a 
brass foundry at Bristol, conceived the idea 
that iron might besubstituted for brass. This 
his workmen did not succeed in effecting, 
| being probably too much prejudiced in favor 
of the metal with which they were best ac- 
quainted. A Welsh shepherd boy named John 
Thomas, had some little time previous to this 
|been received by Abraham Darby into his 
| workshop on the recommendation of a distant 
|relative. While looking on during the experi- 
| ments of the Dutch workmen, he said to Abra- 
| ham Darby that he thought he saw where they 
| bad missed it. He begged to be allowed to 
| try, sohe and Abraham Darby remained alone 
| in the workshoptall night struggling with the 
|refractory metal ard imperfect moulds. The 
hours passed on and daylight appeared, but 
neither would leave his task, and just as the 
morning dawned they succeeded in casting an 
iron pot complete. The boy entered into an 
agreement with Abraham Darby to serve him 
and keep the secret. He was enticed by the 
offer of double wages to leave his master, but 
{he continued faithful, and from 1709 to 1828 
| the family of Thomas were confidential and 
/much valued agents to the descendants of 
Abraham Darby. For more than one hundred 
| years after the night in which Thomas and his 
master succeeded in making an iron casting, in 
a mould of fine sand contained in frames and 
with air holes, the same process was practiced 
and kept secret at Coalbrookdale with plugged 
| keyholes and barred doors. 


()* THE RELATIVE POWER REQUIRED TO 
Rout [Ron AND SteEKL.—By F. Braune. 
|—In this paper some details are given of ex- 
periments made to determine the increase of 
|motive power necessary to adapt a mill for 
| rolling steel instead of iron. 
The mill was a three high mill used for roll- 
|ing deep joists, 60 feet long, and it was re- 
quired to roll the same section and length in 
steel. The results of the experiments show 
| that when the circumferences of the rolls are 
speeded for steel in the proportion of 14 to 11 





|faster than for iron. The power re- 
|quired for steel is about three times 
more than for iron. The author considers 


that rolling-mitl engines are often made unne- 
7 large; he recommends the proportions 
adopted by Van den Kerkhove of Ghent, 
whose engines are single-cylinder non-condens- 
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five, and weight of fly-wheel 50 tons 
engines indicate 800 HP., with 60 lbs. steam 
cut-off at half stroke. 


—__— +e —_—— 
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RMOR-PLATE TRIALS IN FraNcE.—M. 
Francis Laur writes :—Experiments 

have recently been made at Gavres with armor- 
lates by three different firms—Creusot, Chat- 
illon-Commentry, and Terrenoire. The experi- 
ments were conducted upon the same basis as 


former ones, reported’in the columns of Iron. | 
The electricity will. be generated by 


The only alteration was the dimension of the 
plates. Instead of the usual dimension of 4 
square meters, the plates were only 1.20 meters 
square, the members of the commission being 
desirous to know if the smallness of the plates 


had any relation to the cracks usual with the | 


largest plates. The results were the follow- 
ing :— 

Creusot.—Steel plate (hammered). Penetra- 
tion, 90 millimeters ; slight cracks ; excellent 
results. 

Chatillon-Commentry.—Steel Plate Penetra- 
tion, 320 millimeters; plate shattered in eight 
pieces; bad results: 

T:-rrenoire.—Compound plate, manufactured 
without hammering or rolling of the steel, the 
molten steel being poured upon an iron plate. 
Penetration, 94 millimeters; cracks slightly 
more apparent than in the Creusot plate; good 
results. 

The results of these trials are ascertained to 
be a great victory for Creusot. It will be re- 
membered that at the last experiments, eighteen 
months ago, the steel plate of Creusot behaved 
so badly that the failure seemed past remedy. 
The compound plate of Messrs. Ch. Cammell 
obtained, on the contrary, a splendid success, 
and the’ Marine Department accordingly re- 
solved to protect three ships with this new 
product, the Aciéries de la Marine, Chatillon- 
Commentiy and Messrs. Marrei Fréres being 
entrusted with its manufacture. These last 
trials have put a new aspect upon the question, 
The claim for superiority is now undecided be- 
tween steel and the compound plates, but I 
think the question must soon be solved when 
these last-named will be tested. 


& hae ‘**DeTector.”—An exceedingly useful 

experiment is to be shortly carried out on 
board the ‘‘ Sultan,” armor-plated ship at Ports- 
mouth. Asis well known, all theships which 
have been recently fitted out have been provided 
with electric lights for use as torpedo detectors. 
Many expedients have been tried for the pur- 


pose of enabling torpedo craft to approach a} 
' was held to be remarkable that all this poten- 


ship without being noticed ; but though means 
have been adopted whereby the lights of their 
funnels and fires have been effectively screen- 
ed, and the noise of the engines so deadened as 
to prevent their being heard until the craft 
have arrived within striking distance, it was 


found impossible to conceal the torpedo craft | 


| 
ing, with Corliss valve gear: the cylinder | 
diameter is 914 mm, (36 inches), stroke 1,524 | 
mm. (5 feet), revolutions per minute seventy- | 
These | 


been found, however, that the ‘‘ detector,” 
whether placed forward or on the bridge, is it- 
self assailable, and the remarkable precision 
and range which have been developed by the 
Nordenfeldt and other machine guns have 


|made it absolutely necessary that hoth the 
‘electric light and the men working it should 
| be placed under protection. 


The experiments 
on board the ‘‘Sultan” will be undertaken 
with the object of ascertaining whether 
it be practicable to use reflected Tight. For 
this purpose the detector will be placed below, 
and the light projected through a tube upon a 
concave mirror which will be fixed on the 


| bridge above, or on the mast, if necessary, and 


which will, by means of a pivot arrangement, 
be able to sweep the water in all directions. 
ya D- 
Gramme machine, and various lenses will be 
tried. 
T= Great Gun Triats.—The repair of 
the hydraulic gear of the 100-ton experi- 
mental gun at Woolwich, which was thrown 
out of order on the first day’s trial, was com- 
pleted in time to permit the members of the 
Committee on Ordnance to resume the trials 
last Friday. The charge of powder was again 
450 lbs. nominally, but actually only 448 lbs., 
the four cartridges of which it was composed 


being made up of precisely 112 Ibs. each, 
for the convenience of the Royal La- 
boratory. For the manufacture of the 


prismatic kind of powder which has been 
adopted for these 100-ton guns, the Govern- 
ment pay upwards of 1s. per lb., and the ad- 
dition of the shot, crushers, &c., brings the 
cost of each round up to the sum of probably 
£30, which is one of the reasons why the com- 
mittee have been restricted to five rounds only. 
The three remaining of these were fired with- 
out a moment’s pervertity. Five-and-twenty 
minutes were occupied in loading and preparing 
for the first round, twenty minutes in the case 
of the second, and fifteen minutes for the third, 
making exactly one hour occupied in the whole 
three rounds. This was performed in no way 
as a time test, for no official time was taken, 
and there was an entire absence of haste. In 
an emergency the gun can be readily fired the 
same number of rounds in less than a quarter 
of the time, but as a deliberate experiment, liable 
tomany delays, the expediiion used at the trial 
was satisfactory.’ In actual service the guns 
of this size are never likely to be fired rapidly, 
one well-directed shot being sufficient to dis- 
pose of the strongest ironclad afloat, Major 
W.H. Noble, one of the artillerists on the 
committee, calculated that the 2,000 lbs. shot 


| fired with a velocity of 1,570 feet per second 


would strike with an energy of 33,500 foot-tons 
at the muzzle, which, even at a mile range, 
would make short work of 3-feet armor. It 


tiality is generated with so littlestrain upon the 
gun, the pressures created by the improved 
powders being uniformly below 15 tons to the 
square inch, as was clearly demonstrated by 
Captain Hemans, R.A., the proof officer. Until 
recently 25tons was the standard of security, 


from thesearching power of the electric beam, | and the reduction of pressure is most advanta- 


whatever color their hull is painted. 


It has! geous in facilitating the employment of large 
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charges, or even, if gee sacrificing some- 
thing of a gun’s strength. That the charge of 
the 100-ton guns cannot be extended beyond | 
450 lbs. was evidenced by the number of frag- | 
ments of unconsumed powder picked up in| 
front of the butts, but itis believed that by | 
lengthening the barrel or increasing the bore— 
already 172 inches in diameter—a much larger 
quantity of powder could be profitably burnt 
inside the gun. Electricity was employed to 
ignite the charges, the battery being in the in- 
strument room a quarter of a mile distant. The 
shots buried themselves in the sandbank toa 
depth of 60 feet, but the great gun was so per- 





fectly under control that it recoiled only four | 


feet, the hydraulic compressors acting most 
effectually in‘absorbing the superfluous force. 
Now that the experiments are completed, 
nothing remains but to convey the guns totheir 


destinations in the Mediterranean fortresses; but | 


the War Office has directed that the experi- 


mental weapon shall remain where it is fora | 


short time, while the committee consider the 
results they have obtained, make their deduc- 
tions, and report thereon.—ZJron. 

——_+g>e —___—__ 


BOOK NOTICES. 


PUBLICATIONS RECEIVED. 


W* are indebted to Mr James Forrest, | 


Secretary of the Institution of Civil 


Engineers, for the following published papers | 


of the Institution ; 

The Tide Guage, Tidal Harmonic Analyser, 
and Tide Predicter. By Sir William Thomson, 
LL.D., F.R.S. 

Torpedo Boats and Light Yachts. By James 
Thorneycroft, M.1.C.E. 

Description of a Bucket Dredger at the Hull 


Docks. By Robert Aspland Marillier, 
M.1.C.E. 

Caissons for Dock Entrances. By Daniel 
Macalister. 


Internal Corrosion of Cast Iron Pipes. By 
Mathew Buchan Jamieson. 

On the Construction of Electro Magnets. By 
Paget Higgs, LL.D. 

Three Systems of Wire Rope Transport. By 
William T. H. Carrington, A.M.I.C.E. 

Railway Springs. By Benjamin Baker, 
M.1.C.E. 


The production of Paraffin and Paraffin Oil. 
By Richard Henry Brunton, M.1.C.E. 


APPORT DU CHEVALIER BAILLAIRGE, In- 
genieur de la Cite de Quebec, sur 
l’amelioration de son Aqueduc, 


b germ FOR TRANSMITTING COMMUNI- 

CATIONS BY HELIOTROPE SIGNALLING, ar- 
ranged for use on the New York State Survey. 
By Olin H. Landreth. 


RANSACTIONS OF THE AMERICAN INSTITUTE 
oF MrininG ENGINEERS. 


EW METHOD OF MAPPING THE ANTHRA- 
cITE Coat Reeion. By Charles A. 
Ashburner, Assistant Geologist. 


NNUAL REPORT OF THE OPERATIONS OF 

THE ENGINEER DEPARTMENT OF THE 

District oF CotumBriA. Under direction of 
Major W. J. Twining, U. 8. Engineers. 


H ISTORY OF THE CINCINNATI WATER- 
_ works. By Thomas J. Bell. Cincin- 
hate : Robert Clarke and Co. 
te-w-n TO THE THEORY OF BLAST- 
/J ING IN Mriuirary Mrinine. By H. 
Hofer; translated by Captain Charles W. 
Raymond, Washington Government Printing 
Office. 
| fT. RAITE DE MECANIQUE GENERALE. Par 
H. Resal. Tome Sixieme. Paris : 
Gauthier-Villars. Price $5.25. 

This last volume of Resal’s excellent work 
is devoted to practical engineering. The sub- 
jects treated are—Voussoir Arches, both Right 
and Oblique, Framed Wooden Bridges, Iron 
Bridges, Suspension Bridges, Draw Bridges, 
Chimneys, Foundations, Interior Navigation 
and Harbor Improvements. 

Each of these topics is fully treated and beau- 

| tifully illustrated; these latter, moreover, are 
| designed especially to aid the engineer in com- 
| prehending the details of the construction. The 
| cuts in this volume alone are more than tive 
| hundred in number, without including several 
| large colored plates illustrative of European 
| harbors. : 
ELESTIAL OBJECTS FOR COMMON TELE- 
|\./ scopes. By Rev. T. W. Webb. M.A., 
F.R.A.8. Fourth Edition greatly erlarged. 
New York: Industrial Publishing Company. 
| Price $3.00 

The former editions of this are well known 

and highly valued by amateur astronomers, A 
full list of stars and nebule that are within 
range of ordinary telescopes is given, with the 
| means of treating each object. 
J | Mga eon DE LA HovrLiez, CRIBLAGE, 

Yj TriaGe ET Lavace. Par A. Burat. 
Paris : J. Dejey and Cie. Price $5.25. 

This quarto volume is devoted to the various 
processes of cleansing, screening, and otherwise 
preparing coal for the market and for use. 

Ten large folding plates exhibit the various 
machines on a scale sufficiently large to show 
most of the details. 

This subject has only recently been regarded 

of sufficient importance to be made the subject 
| of a separate treatise. But the numerous in- 
quiries that have been made of late in reference 
to the best methods of coal working and sepa- 
ration have revealed the fact that the various 
processes have now assumed the importance 
of true engincering operations. The volume 
| before us bears convincing evidence that noth- 
ing short of engineering skill of a high order 
could successfully design and operate such 
works as are described in it. 


RACTICAL Boat BUILDING AND SAILING. 
By Adrian Neison, C.E.; Dixon Kemp, A.I. 
N.A.; and C. Christopher Davies. Price $2.80. 
The first of the subjects comprehended in the 
above title is treated by the first two of the trio 
of authors, and sailing, to which two-thirds of 
the treatise is devoted, is the work of Mr. 
Davies. 
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Throughout both treatises a plain and can 
method of instruction is employed, and the il- 
lustrations are very good and very abundant. 

Sailing Rules of the London Sailing Club and 
of the Yacht Racing Association are given in 
an appendix. 


LEMENTS OF QvATERNIONS. By A 8. 

Hardy, Ph.D., Professor of Mathe. 

matics, Dartmoth College. Boston: Gunn & 
Heath. Price $2 50. 

To any one who has labored with the very 
few works extant upon this branch of mathe- 
matics, a glance at the opening chapter of Prof. 
Hardy’s work will enforce the conviction that 


ECOND GEOLOGICAL SURVEY OF PENNSYL- 
k VANIA: SpecrAL Report ON CAUSES, 
KINDs AND AMOUNT OF WASTE IN MINING AN- 
THRACITE. By Franklin Platt. 

The Legislature of Pennsylvania at its last 
session passed a joint resolution to the effect 
that an inquiry be made into the causes of the 
rapid exhaustion of anthracite—the possibility 
of more economy in the methods of mining, 
and the avoidance of the great waste and over 
production now prevalent. 

The subject of waste in mining and subse- 
quent handling is specially treated in the pres- 
ent Report. The result of theinquiry, though 
long known to mining engineers, will prove a 





the author is an instructor of the first order. 

We now have for the first time a text book 
on quaternions, which the student of only | 
ordinary mathematical ability ¢an read with | 
satisfaction and profit. 

The book is quite opportune. The subject | 
must soon become a necessary one in all the | 
higher institutions, for already are writers of 
mathematical essays making free use of | 
quaternions without any preliminary apology. | 

It is safeto predict an eager acceptance of | 
this work, among mathematical students | 
throughout the country. 


HE ANEROID: ITs CONSTRUCTION AND USE. 
Science Series No. 35. New Edition re- | 

written and enlarged. New York: D. Van) 
Nostrand. Price 50c.; full roan, $1.00 

The demand for this little manual exhausted 
the first edition. 

The present volume is larger, and includes 
important additions. 

The construction of the different kinds of 
aneroids is illustrated by cuts and text. The} 
errors which are commonly made in using 
these instruments, and the means whereby the 
best results are obtained, are made matters of | 
special treatment. 

Numerous examples are worked out as aids 
to the novice in employing formulas and tables. 

Two tables, not in the former edition, ap- 
pear in this; a metric altitude table and a table 
of boiling points and corresponding barometric | 
heights. 

The increasing use of the aneroid warrants 


the belief that this book will be widely read. | 
| 


| 
HE Sun. By C. A. Young, Ph.D., LL. D., 
Professor of Astronomy, College of New 
Jersey. New York: D. Appleton & Company. 
This is at the present time the latest issue of 
the International Scientific Series. Price $2.00. 
American people have just reason to be 
proud of the fame of Dr. Young. His labors 
with the spectroscope, resulting in many im- 
portant discoveries, have made his name famil- 
lar wherever there are astronomers or astro- | 
nomical students. | 
The progress made in the study of the coro- | 
na, in which the author first achieved distinc- | 
tion, is made the subject of an interesting | 
chapter. 
The typography and illustrations are of the | 
same high degree of excellence exhibited in 








surprise to the public generally. Not more 
than one-third of the coal lying in the ground 
can ever be brought to market by present 
methods of working and transportation. 

The maps submitted with this report require 
a special mention. The method here employed 
of representing underground deposits was 
originated by Prof. Lesley, and was made the 
subject of an interesting paper before the 
American Institute of Mining Engineers, by 
Mr. Charles A. Ashburner, Assistant Geologist 
of the Survey. By this plan a geological min- 
ing map will represent: 

1. Elevation above tide of the coal outcrop. 

2. Dip of the bed. 

3. Strike of the bed. 

4. Depth of the coal basins. 

5. Rate of rise or fall of basins along their 
axes, 

6 Position of synclinals and anticlinals in 
the coal bed. 

7. Data from which a vertical section may 
be made. 

8. Data from which the absolute surface area 
of the coal bed may be obtained, and the ton- 
nage of any section estimated. 

A full description of the method, with ex- 
amples of the maps are given in Mr. Ashbur- 
ner’s paper, which is published in a neat pam- 
phlet. 

—— +e ——_ 


MISCELLANEOUS. 


Mipcet Motor. —A little curiosity in 
engineering has been constructed in 
America by an ingenious clockmaker, Mr. D. 
A. Buck. This is in all probability the small- 
est steam engine in the world, for it is almost 
microscopic in its dimensions. The whole 
machine weighs only about a gramme, or 15 
grains, and is entirely covered by an ordinary 
thimble. The stroke of the piston is a little 
over 2 millimeters or ;'; inch, and its diameter 
is something less than a millimeter and a half. 
Nevertheless it is built up of 140 distinct pieces 
fastened together by 52 screws; and three drops 
of water suffice to fill tbe boiler, and set the toy 
mechanism in motion. 


Cs ABNEY recently exhibited st the 

Physical Society of London a number of 
photographic negatives taken by himself and 
Colonel Festin by radiation through thin sheets 
of ebonite. The light from the positive pole of 
an electric lamp was sent through a sheet of 
ebonite 7;in. thick, and photographs taken 
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showed the radiation to have a low wave | being kept up till they melt. Finally, the 
length from 8000 to 14,000. The carbon points | crucible is covered and the mass kept in fusion 
of the lamp could be photographed through | thirty-five minutes, and the scum being re- 
the sheet, and Colonel Festin observed the | moved, the metal is poured into moulds and is 
sun’s disc through it. The ebonite showed a/| then readyfor use. The alloy thus made is re- 
grained structure, and different samples of| presented as being fine-grained, malleable, 
ebonite gave different results, but all gavesome | takes a high polish, and does not easily 
result, in course of time at least; old ebonite, | oxidize. 

like that used in some of Mr. Preece’s ex- 
periments, scattering the light more than new 


ebonite. : - ‘ : : 
. t Te St. Victor, who tried helio-chromic experi- 
A of Scie mg po Shed ed ao re nm ments on a large doll bedecked with jewels and 
vothgee gery: f q /resplendent with colored silk, made the re- 
yo a = —- — ate -_ | markable discovery that black is not the mere 
own to vom. Gepth, also the temperature OF | absence of light, but is entitled to be considered 
two pieces of ground, the one bare, the other | 4 color of itself, and has a special chemical 
covered with grass, during 1880, and of the) action of its own. The color of the sensitive 
enetration of frost into these, was read by| plate was violet, and on this the camera im- 
IM. Becquerel. Amongst other things “=~ pressed all the colors of the doll, including 
propagation > —_ . — to = vw | white; but as the blacks had also been impress- 
grassy ground than in bare ground. In the | 44 ag black, it led to this experiment: A hollow 
latter the rate increases very slightly with the | june black from the absence of hght, was pre- 
depth, the propagation being very regular. In| sented to the camera, together with another 
grassy ground the increase is very notable, and | article of a definite black color, with this re- 
with increasing depth, the ane tends to come | suit) that the former was represented by an 
ponmeal ~ in bare groum i gee dad of unaltered state of the original violet color of 
ground is subject to two calorific effects; one the surface, while in the latter case a very deep 
due to variations of external temperature; the pack resulted 


other to the action of deep layers which tend : . . 
| CYOME extensive and important brake trials 


to give a constant temperature. S 3 ) } 
ry HE influence of pressure on the electric | oT h Piveke on the Goomen Sinte Ball 
L conductivity of metal wires has been | wap. Soe Dome quemiee es kag Seen 30- 
studied apew by M. Chwolson, and describe | Gover. ee by oe 
“ i “ee | Government, and recently, in addition to 
P the —o ——_ eg ge oe of ‘numerous trains running ever since the Cassel 
aaeeaee po a nl a a pening brake trials in 1877 on various lines, trains 
heoen the wire being wound round a glass | ei been specially prepared. aned aoe ee 
, | following six continuous brake systems, the 





\ HEN making some experiments underthe 
1 direction of M. Chevreul, M. Niepce de 





tube, then passed through it, and the tube in-/ inventor or his representative being in each 
serted in another, which was connected with | case called upon to certify in writing that the 
the piezometer. The two wire ends —_— vehicles are supplied with the most recent im- 
brought out through binding screws. Among | provements :—Heberlein, Smith Hardy, San- 
the results at 3.8 C, the copper wire showed a | gers Westinghouse, Steel McInnes and Car 
relative diminution of resistance of about | penter. A series of trials on a portion of line 
0.0000018 by one atmosphere of pressure; &/ hear Halensee Station, on the Berlin Girdle 
hard brass wire about 0 0000011 ;and a lead wire | Railway, will commence about the 29th inst., 
(at 7 deg. C) about 0.000011, or ten times more | pefore ‘a commission of engineers specially 
than brass. Pressing at 17 deg. C. the calorific | appointed to report on the subject of contin- 
action preponderates over the direct action of | yous brakes, The most practical portion of the 
pressure for copper and brass, while the re-| trials will, however, commence immediately 
verse occurs with lead. Moreover, the author | afterwards, when all six trains will be sent to 
proves, in the case of the brass wire, that the| work the express service between Berlin and 
pressure causes change of the specific resist-| Breslau for three or four months. The or- 
ance, besides change of the resistance, through | dinary hand brakes on the vehicles are to be 
change of the length and thickness. Every re-| pigmbe, so as to ensure that in each case the 
lative change of volume involves a relative | special system on trial is alone used for all 
change of the specific resistance about 3.6 purposes, the cause of any departure from this 
limes as great. | rule, as well as any inconvenience or delay 
NE of the recently introduced substitutes | whatever in the usual traffic of the line result- 

for gold, which has become very popular|ing in any measure from the continuous 

in some of the jewelry and other manufactories | brakes, being specially noted by an engineer 
of fine wares in France, iscomposed as follows: | told off to accompany each train throughout 
100 parts, by weight, of copper of the purest | itsjourney. Captain C. Fairholme, in a letter 
quality, fourteen of zinc or tin, sixof magnesia, to the Times, says: ‘‘The extreme care taken 
three and? six-tenths of sal _ammoniac, lime-| by the authorities of the Royal Railway Direc- 
stone, and cream of tartar. The copperis first | tion of Berlin, to whose charge the control of 
melted, then the magnesia, sal ammoniac, lime- | the entire arrangements has been committed by 
stone, and cream of tartar in powder are added | the Minister of Public Works, to ensure per- 
separately and gradually. ‘The whole mass is | fect impartiality, as well as the known high 
kept stirred for half an hour, the zinc or tin | character of the German officials generally, 
being dropped in piece by piece, the stirring combine to give these trials a special interest.’” 
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